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AN IMMUNOLOGICAL AND CHEMICAL CHARACTERIZATION 
OF CRYPTOCOCCUS NEOFORMANS
CHAPTER I  
INTRODUCTION AND LITERATURE REVIEW 
H is to r y
C r y p to c o c c o s is ,  t h e  d i s e a s e  caused by Cryptococcus neoform ans 
(Torula  h i s t o l y t i c a ,  C ryp tococcus h o m in i s ) ,  has been r e f e r r e d  t o  as  
"European b l a s to m y c o s i s "  i n  European l i t e r a t u r e  and as " t o r u l o s i s "  in  
th e  o ld e r  American l i t e r a t u r e .  The g e o g ra p h ic a l ly  d e f in in g  te rm  
'E u ropean  b l a s to m y c o s i s "  i s  m is l e a d in g ,  s in c e  th e  d i s e a s e  has  o c c u r r e d  
s p o r a d i c a l l y  th ro u g h o u t  t h e  w or ld .
The o rgan ism  was f i r s t  i s o l a t e d  from peach j u i c e  by S a n f e l i c e  
(1894). He was a b le  to  d e m o n s t ra te  i t s  p a th o g e n ic i t y  in  l a b o r a t o r y  
an im a ls  and, b e c au se  o f  i t s  " y e a s t - l i k e  n a t u r e "  and i t s  " tum or-fo rm ing  
a b i l i t y  ", he su g g e s te d  t h e  name Saccharomyces neo form ans . In 1895 
Busse and Buschke r e p o r t e d  i s o l a t i o n  of a y e a s t - l i k e  organism  from  a 
l e s i o n  in  t h e  t i b i a  o f  a woman. C u r t i s  (1896) d e s c r ib e d  a s i m i l a r  
o rgan ism  which had been i s o l a t e d  from th e  h ip  o f  a p a t i e n t  w i th  a 
myxomatous tumor and p roposed  th e  name Saccharomyces subcu taneous  tume- 
f a c i e n s . K le in  (1901), re c o v e re d  a y e a s t  which was p a th o g e n ic  f o r  
gu inea  p ig s  from th e  sed im en t  o f  a sam ple of m ilk .  Weis (1902) compared
1
2th e  i s o l a t e s  o f  S a n f e l i c e  and K le in  and found them b o th  to  be p a th o ­
g e n ic  f o r  m ice and t o  b e  m o rp h o lo g ic a l ly  and p h y s io l o g i c a l ly  s i m i l a r .  
V u i l le m in  (1901) p laced  th e s e  organism s i n  t h e  genus C ry p to co c c u s .
In 1905, von Hanseman d e sc r ib ed  a case  of m e n in g i t i s  in  which 
g e l a t i n o u s  " c y s t s "  w ere o b se rv e d .  Verse (1914) r e p o r t e d  a c a se  o f  
human c ry p to c o c c o s i s  w i th  c e n t r a l  nervous sys tem  invo lvem ent. However, 
i t  remained f o r  S toddard  and C u t l e r  (1916) t o  d e l i n e a t e  th e  c l i n i c a l  
f e a t u r e s  of t h i s  d i s e a s e ,  t o  i s o l a t e  the  e t i o l o g i c  a g e n t  by c u l t u r a l  
m ethods, and to  d e m o n s t ra te  i t s  p a th o g e n i c i t y  by an im a l  i n o c u l a t i o n ,  
and h i s t o l o g i c  s e c t i o n s .  They d i f f e r e n t i a t e d  th e  d i s e a s e  from o th e r  
m ycotic  i n f e c t i o n s  o f  t h e  c e n t r a l  nervous sys tem  and r e f e r r e d  to  th e  
o rgan ism  as T o ru la  h i s t o l y t i c a . A l l  o f  t h e s e  fung i  a r e  now c o n s id e re d  
to  be i d e n t i c a l  and a re  named C ryptococcus neoform ans (Benham, 1935; 
Lodder and K re g e r  - Van R i j ,  1952).
The N a tu re  o f  C. neoformans
C ryp tococcus neoform ans can be c u l t i v a t e d  a t  room te m p e ra tu re  
o r  a t  37 C on most common l a b o r a t o r y  media. On S abou raud 's  d e x t r o s e  
a g a r  a t  room te m p e ra tu re ,  the  c o lo n ie s  a r e  g l i s t e n i n g ,  mucoid, and 
cream t o  t a n  in  c o lo r .  Organisms a r e  b e s t  p rep a re d  f o r  m ic ro sc o p ic  
ex am in a t io n  by e m u ls i f y in g  growth from an a g a r  c u l t u r e  in  a drop o f  
I n d ia  ink  (Weidman and Freeman, 1924). Such p r e p a r a t i o n s  r e v e a l  t h i c k -  
w a l le d ,  ovoid  t o  s p h e r i c a l ,  budding  y e a s t  c e l l s ,  5-15 m icrons in  d ia m e te r  
which a r e  su rrounded  by a l a r g e  g e la t in o u s  c a p s u le  f r e q u e n t l y  l a r g e  
enough to  g iv e  th e  o rgan ism s a  t o t a l  d ia m e te r  o f  20-30 m icrons. No 
e ndospores  o r  mycelium a r e  p roduced .
3C ry p to co c c i  a r e  n on ferm en ting  y e a s t s  which produce e x t r a c e l l ­
u l a r  s t a r c h  when grown on a d e f in e d  medium c o n ta in in g  d e x t r o s e  and 
th ia m in e  a t  a pH below 5 (Mager and Aschner, 1946; Lodder and K reger  - 
Van R i j ,  1952), A lso ,  a l l  c ry p to c o c c i  a r e  u re a s e  p o s i t i v e  ( S e e l i g e r ,  
1956). Carbon and n i t r o g e n  a s s i m i l a t i o n  t e s t s  a r e  used t o  d i s t i n g u i s h  
t h e  s i n g l e  p a th o g e n ic  s p e c ie s  (C. neoform ans) from o th e r  e n c a p s u la te d ,  
c l o s e l y  r e l a t e d ,  nonpa thogen ic  s p e c i e s .  C^ neoformans does n o t  a s s im ­
i l a t e  n i t r a t e  (KNOg) o r  l a c t o s e ,  b u t  does a s s i m i l a t e  g lu c o s e ,  m a l to s e ,  
s u c ro s e ,  and g a l a c to s e  (Benham, 1955). I t s  a b i l i t y  t o  grow a t  37 C 
a l s o  d i s t i n g u i s h e s  t h i s  s p e c ie s  from nonpathogen ic  c ry p to c o c c i .  C. 
neoform ans i s  p a th o g e n ic  fo r  th e  mouse when i n j e c t e d  i n t r a p e r i t o n e a l l y ; 
a l l  o th e r  s p e c i e s  o f  c ry p to c o c c i  a r e  nonpa thogen ic .
In summary, Cj_ neoformans can be i d e n t i f i e d  by th e  fo l lo w in g  
c r i t e r i a :  (1) p o s i t i v e  u re a s e  t e s t ;  (2) growth a t  37 C; (3) a s s im ­
i l a t i o n  o f  KNO3 , l a c t o s e ,  g lu c o s e ,  m a l to se ,  s u c r o s e ,  and g a l a c to s e ;
(4) p a th o g e n i c i t y  fo r  th e  mouse. Benham (1935), used a g g l u t i n a t i o n  and 
p r e c i p i t i n - a b s o r b t i o n  te c h n iq u e s ,  a s  w e l l  as m o rp h o lo g ic a l  c h a r a c t e r i s ­
t i c s ,  to  d iv id e  th e  genus Cryp tococcus i n t o  4 g roups ,  w i th  s t r a i n s  
o f  neoformans rec o v e red  from human d i s e a s e  p laced  in  group I I I .
Evans (1950 and 1951) subd iv ided  neoformans in to  3 s e r o l o g i c a l  
t y p e s ,  A,B, and C, based on a g g l u t i n a t i o n ,  p r e c i p i t i n ,  and c a p s u la r  
r e a c t i o n s .  S e ro ty p in g  o f  C^ neoformans in to  s e ro ty p e s  p ro b ab ly  depends 
on d i f f e r e n c e s  in  the  c a p s u la r  p e n to s a n ,  which c o n fe r s  c a p su le  ty p e  
s p e c i f i c i t y  (Evans, 1951).
F ine  d e t a i l s  of the  i n t e r n a l  and e x t e r n a l  morphology o f  C. 
n eo fo rm ans , a s  se en  in  u l t r a t h i n  s e c t i o n s ,  were shown by Edwards, e ^  a l .
o
(1967). The c a p s u le  c o n ta in ed  m i c r o f i b r i l s  (30-40  A in  d ia m e te r )  t h a t  
appeared  to  r a d i a t e  from th e  c e l l  w a l l  and t o  c o i l  and i n t e r t w i n e  i n  
v a r io u s  d i r e c t i o n s .  These t h i n ,  u n i fo rm ly  s t r u c t u r e d ,  e l e c t r o n - d e n s e  
f i l a m e n ts  w ere  b e l i e v e d  t o  r e p r e s e n t  complex p o ly s a c c h a r id e  m o le c u le s .  
The i n t e r n a l  morphology o f  neoform ans was in  many ways s i m i l a r  t o  
t h a t  o f  o th e r  y e a s t s .  The c e l l  was u n i n u c l e a t e  w i th  a s i n g l e  n u c le o lu s .  
The n u c le a r  enve lope , a p a i r  o f  u n i t  membranes i n t e r r u p t e d  by p o r e s ,  
was t y p i c a l  o f  t h a t  found in  e u c a r y o t i c  o rgan ism s . Smooth endoplasm ic  
r e t i c u lu m ,  m i to c h o n d r ia ,  v a c u o le s ,  s to r a g e  g r a n u l e s ,  and ribosom es were 
c o n s i s t e n t  f e a t u r e s  o f  th e  cy top lasm . In a d d i t i o n ,  neoform ans c e l l s  
dem o n s tra ted  o r g a n e l l e s ,  d e r iv e d  from th e  plasm a membrane which w ere  
comparable t o  b a c t e r i a l  mesosomes and m ito c h o n d r ia  o f  an a n n u la te  ty p e .
A ccord ing  t o  Benham (1935), L ittm an and Zimmerman (1956), and 
L ittm an  (1958), neoform ans i s  t h e  on ly  p a th o g e n ic  fungus which 
p roduces  a c a p s u le .  The g e l a t i n o u s  c a p s u la r  m a t e r i a l  i s  composed, 
e s s e n t i a l l y ,  o f  2 p o ly s a c c h a r id e s .  A schner, Mager, and L eibow itz  
(1945) and Mager and Aschner (1946) d e s c r ib e d  a n o th e r  e x t r a c e l l u l a r  
component, a  s t a r c h  which was produced in  b o th  l i q u i d  and s o l i d  media.
A c r y s t a l l i n e  amylose and a p e n to s e - c o n t a in i n g  p o ly s a c c h a r id e  were 
i s o l a t e d  by Hehre e t  a l .  (1949). A p o ly s a c c h a r id e  g iv in g  a p o s i t i v e  
M olisch  t e s t ,  a p o s i t i v e  t e s t  fo r  p e n to s e  and h e x u ro n ic  a c id ,  and a 
n e g a t iv e  t e s t  f o r  p r o t e i n  and amino a c id s  w ere  o b ta in e d  in  1951 by 
Evans. In th e  same y e a r ,  Evans and Mehl, u s in g  f i l t e r  pape r  ch rom ato ­
g raphy , r e p o r te d  a p o ly s a c c h a r id e  s u b s ta n c e  t o  c o n ta i n  x y lo s e ,  mannose, 
g a l a c to s e ,  and u ro n ic  a c id .  However, th e  f in d in g s  o f  D rouhet,
S e g r e ta in ,  and A ubert (1950) were s l i g h t l y  d i f f e r e n t  in  t h a t  th ey  found
5no g a l a c t o s e .  They a l s o  r e p o r t e d  t h a t  h y a lu ro n id a s e  would d e s t r o y  th e  
c a p s u le ,  s u g g e s t in g  t h a t  i t  was composed of h y a lu r o n ic  a c id .  Foley  and 
Uzman (1952),  u s in g  hot a l k a l i  e x t r a c t i o n ,  r e p o r te d  th e  i s o l a t i o n  o f  
a h ig h ly  po lym erized  p o ly s a c c h a r id e  w h ich  was n o t  a f f e c t e d  by h y a lu r o ­
n id a s e .  T h e ir  o b s e r v a t io n  t h a t  the  c a p s u l a r  p o ly s a c c h a r id e  was n o t  
d ig e s t e d  by h y a lu r o n id a s e  led  t o  the  c o n c lu s io n  t h a t  g lucosam ine or 
h e x o sam in id ic  l in k a g e s  were n o t  in v o lv e d  in  th e  c a p s u le  s t r u c t u r e ,
Few r e p o r t s  e x i s t  on tn e  s t r u c t u r e  of th e  c a p s u la r  p o l y s a c ­
c h a r id e  and most o f  th e s e  d e a l  p r i m a r i l y  w i th  th e  n a t u r e  o f  th e  mono­
s a c c h a r id e  u n i t s .  M iyazaki (1961) p roposed  a b ran ch ed  mannose backbone 
f o r  th e  c a p su le  o f  an u n i d e n t i f i e d  C ryp tococcus  s p e c i e s .  R e b e rs ,  e t  
a l .  (1958), th ro u g h  th e  u se  o f  s p e c i f i c  p r e c i p i t a t i o n  w i th  type  XIV 
pneumococcal a n t i s e ru m ,  o b ta in e d  e v id e n c e  f o r  s id e  c h a in s  t e r m in a t i n g  
i n  g a l a c to s e  and g lu c u r o n ic  a c id  in  t h e  c a p s u la r  p o ly s a c c h a r id e  of 
Type A n eo fo rm an s .
Blandamer and D an ish e fsk y  (1966) s tu d i e d  th e  c o m pos i t ion  and 
s t r u c t u r e  o f  the  c a p s u la r  p o ly s a c c h a r id e  of n eo fo rm an s , Type.B. Acid 
h y d r o ly s i s  o f  th e  p o l y s a c c h a r i d e ,  fo l lo w e d  by pape r  ch rom atography , 
showed components c o r r e s p o n d in g  t o  mannose, x y lo s e ,  g lu c u r o n ic  a c i d ,  and 
g a l a c t o s e .  On th e  b a s i s  o f  c a r b a z o le  and c y s t e i n e - s u l f u r i c  a c id  r e a c ­
t i o n s ,  t h e  m olar r a t i o  fo r  t h e s e  components was c a l c u l a t e d  to  be 
6 : 4 : 2 :1, r e s p e c t i v e l y .  They found t h a t  mannose was l i b e r e a t e d  s lo w ly  
from th e  p o ly s a c c h a r id e ,  w h i le  x y lo se  was r a p i d l y  l i b e r a t e d ,  s u g g e s t in g  
t h a t  th e  x y lo se  was lo c a t e d  on e x t e r n a l  s i d e  c h a in s  o f  a mannan b a c k ­
bone, A d d i t io n a l  e v id e n c e  fo r  a mannan s t r u c t u r e  was p ro v id ed  by th e  
i d e n t i f i c a t i o n  of m a n n i to l  in  h y d r o ly s a t e s  o f  t h e  red u ced  o l i g o ­
6s a c c h a r id e s  p re p a re d  by p a r t i a l  a c id  h y d r o l y s i s  o f  th e  c a p su la r  p o l y ­
s a c c h a r id e .  These f in d in g s  on th e  co m p o s i t io n  o f  th e  o l ig o s a c c h a r id e s  
and on th e  r a t e  o f  r e l e a s e  o f  t h e  s p e c i f i c  m onosacchar ides  su g g e s t  t h a t  
th e  p o ly s a c c h a r id e  c o n s i s t s  o f  a mannan backbone w i th  b ranches o f  x y lo se  
and g lu c u r o n ic  a c id .  At t h e  p r e s e n t  t im e ,  no in fo rm a t io n  i s  a v a i l a b l e  
on th e  ty p es  o f  l in k a g e s  o r  th e  sequence  o f  m onosaccharide  r e p e a t i n g  
u n i t s  in v o lv e d  in  th e  c o m p o s i t io n  o f  th e  c a p s u l a r  p o ly s a c c h a r id e  
d e r iv e d  from n eo fo rm an s .
The e x t r a c e l l u l a r  p o ly s a c c h a r id e s  i s o l a t e d  from a n o n -p a th o -  
g e n ic  e n c a p s u la te d  s t r a i n  o f  C ryp tococcus  l a u r e n t i i  have been s tu d i e d  
by A bercrom bie , e ^  a l .  (1960). They i s o l a t e d  an a c i d i c  p o ly s a c c h a r id e  
c o n ta in in g  D-mannose, D -x y lo se ,  and D -g lu c u ro n ic  a c id ,  and a n e u t r a l  
p o ly s a c c h a r id e  c o n ta in in g  D -g lu co se  o n ly .  The r e s u l t s  of p r e l im in a r y  
s t r u c t u r a l  s t u d i e s  on th e  a c i d i c  p o ly s a c c h a r id e  su g g es ted  th a t  i t  
c o n s i s t s  o f  a m a n n o s e -c o n ta in in g  backbone w i th  x y lo se  and g lu c u ro n ic  
a c id  a s  end g ro u p s ,  w h i le  t h e  g lu c a n  c o n ta in s  1 -3 ,  1 -4 ,  1 -2 , a n d /o r  
1-6  l in k e d  r e s i d u e s .
J e a n e s , e t  a l .  (1964) d e m o n s t ra te d  t h a t  th e  a c i d i c  e x t r a c e l l ­
u l a r  p o ly s a c c h a r id e  o f  C ryp tococcus  c o n ta in e d  mannose, x y lo se ,  and 
g lu c u r o n ic  a c id  i n  th e  m ola r  r a t i o  o f  5 : 2 :1 .  S t r u c t u r a l  s t u d i e s  i n d i ­
c a te d  t h a t  t h i s  p o l y s a c c h a r id e  h as  a backbone o f  mannose r e s i d u e s  w i th  
x y lo se  and g lu c u r o n ic  a c id  end g ro u p s .  As w i th  th e  p o ly s a c c h a r id e  
from n e o fo rm a n s , no in fo r m a t io n  i s  a v a i l a b l e  on th e  types  o f  l i n k ­
ages  o r  th e  sequence  o f  m o nosacchar ide  r e p e a t i n g  u n i t s  o f  the  c e l l u l a r  
p o ly s a c c h a r id e  d e r iv e d  from l a u r e n t i i .
I n v e s t i g a t i o n s  by many w orke rs  (N or thco te  and Horne, 1952;
7N ick e rso n , e t  a l . , 1961; P e a t ,  e t  a l . , 1961; Sakaguchi,  e t  a l . , 1967; 
Suzuki, a l . , 1967) i n t o  t h e  s t r u c t u r e  o f  o th e r  s p e c i e s  o f  y e a s t s  
have d e m o n s tra ted  t h a t  th e  m ajor p o ly s a c c h a r id e  components found in  th e  
c e l l  w a l l s  a r e  polym ers o f  g lu c o se  (g lucan )  and mannose (mannan).
Yeast mannan, one o f  th e  main s o lu b le  p o ly s a c c h a r id e s  o f  y e a s t  
c e l l  w a l l s ,  can be o b ta in e d  e a s i l y  by a u to c l a v in g  whole y e a s t  c e l l s  or 
by t r e a t i n g  c e l l  w a l l s  w i th  d i l u t e  a l k a l i  or  n e u t r a l  b u f f e r s  (N ick e rso n ,  
e t  a l . , 1961; P e a t ,  e ^  a l .  , 1961). Chemical and s t r u c t u r a l  a n a ly s e s  
of th e s e  mannans have  shown t h a t  they  a r e  composed e x c lu s i v e l y  o f  
mannose, however th e y  d i f f e r  in  th e  ty p es  and sequence o f  the  l in k a g e s  
invo lved  in  t h e  backbone and s id e  ch a in  g ro u p in g s .  Through th e  use  o f  
m é th y la t io n  a n a l y s i s ,  mannans i s o l a t e d  from y e a s t s  have been found to  
c o n ta in  a lp h a  (1- 6 ) ,  a lp h a  (1 - 3 ) ,  and a lp h a  (1- 2 ) l in k a g e s  and i t  i s  
though t t h a t  th e  backbone s t r u c t u r e  c o n s i s t s  o f  a lpha  (1 - 6 ) l in k a g e s ,  
w h i le  the  o th e r  l in k a g e s  c o n s t i t u t e  th e  s id e  c h a in  g ro u p s .  Mannans 
have been shown t o  be th e  s e r o l o g i c a l l y  r e a c t i v e  p o ly s a c c h a r id e s  in  
y e a s t  c e l l  w a l l s  (Summers, e t  a l . , 1964; Sakaguchi, e t  a l . , 1967;
Suzuki, e t  a l . , 1967).
The c e l l  w a l l  c o n s t i t u e n t ,  g lu c a n ,  i s  the  component r e s p o n ­
s i b l e  for th e  shape  and r i g i d i t y  o f  th e  y e a s t  c e l l  (N o r th c o te  and 
Horne, 1952; N ic k e rs o n ,  1963). The g lu ca n  i s  i n s o l u b l e  in  w a te r ,  
y i e l d s  only  g lu c o s e  on h y d r o l y s i s ,  and i s  composed m a in ly  o f  b e ta  (1- 6 ) 
and b e ta  (1 -3 )  l in k a g e s  (Tanaka, 1963). These components, mannan and 
g lu can ,  have no t been  s t u d i e d  in  neoform ans .
8C ryp tococcos is
The d i s e a s e  c ry p to c o c c o s is  i s  a  su b a c u te  o r  c h ro n ic  i n f e c t i o n  
caused  by n eo fo rm ans , an o rgan ism  which has  a marked p r e d i l e c t i o n  
f o r  t h e  c e n t r a l  nervous  system . I t  may i n f e c t  th e  s k in ,  lu n g s ,  or o th e r  
t i s s u e s  o f  the  body, bu t u s u a l ly  d i s s e m in a te s  t o  th e  m eninges. The 
c u ta n e o u s  form may be prim ary  or may ap p e a r  as a m a n i f e s t a t i o n  of an 
a l r e a d y  e s t a b l i s h e d  sys tem ic  i n f e c t i o n .  L es io n s  may a p p e a r  a s  acneform  
p u s t u l e s ,  punched ou t granulom atous u l c e r s ,  subcu taneous  tum ors ,  o r  
deep  a b s c e s s e s .  Many cu taneous c a se s  p r o g re s s  to  g e n e r a l i z e d  i n f e c t i o n s  
w i t h  invo lvem ent o f  the  lu n g s , o th e r  v i s c e r a l  o rg a n s ,  and th e  c e n t r a l  
n e rv o u s  system . The in c id e n c e  o f  pulmonary c ry p to c o c c o s i s  i s  secondary  
t o  t h e  c e n t r a l  ne rvous  system  d i s e a s e  caused  by t h i s  o rganism .
P rim ary  pulmonary i n f e c t i o n s  resem b le  neoplasm s o r  t u b e r c u l o s i s .  B ra in  
i n f e c t i o n s  may resem b le  an e n c e p h a l i t i s ,  a c u te  or c h ro n ic  m e n in g i t i s  
o f  b a c t e r i a l  o r g in  ( e s p e c i a l l y  t u b e r c u l o s i s ) ,  b r a i n  tumor, or b r a i n  
a b s c e s s .
There i s  f r e q u e n t  a s s o c i a t i o n  (10 to  30%) o f  c ry p to c o c c o s i s  
and th e  leukem ia - lymphoma group o f  d i s e a s e s  (H u t te r  and C o l l i n s ,  1962). 
C o n c u rre n t  fungus i n f e c t i o n s  may be due to  th e  d e b i l i t a t e d  s t a t e  o f  th e  
p a t i e n t ,  who a c q u i r e s  exogenous i n f e c t i o n ,  o r  t o  a c t i v a t i o n  o f  an 
e x i s t i n g  l a t e n t  i n f e c t i o n .  The l a t t e r  h y p o th e s i s  i s  bo rne  out by the  
f i n d i n g  a t  au to p sy  o f  sm all  s u b p le u r a l  n odu les  c o n ta in in g  C^ neoform ans 
in  p a t i e n t s  whose d e a th  was due t o  a number o f  u n r e l a t e d  c a u se s  (Baker 
and Haugen, 1955). Therapy w i th  s t e r o i d s ,  u r e th a n e ,  m usta rd  g a s ,  and 
f o l i c  a c id  a n t a g o n i s t s  may a c t i v a t e  l a t e n t  i n f e c t i o n s  by C^ neoformans 
and o t h e r  fu n g i  (Zimmerman and R appaport,  1954; Zimmerman, 1955; Keye
9and Magee, 1956; Baker, 1962; G o ld s te in  and Rambo, 1962).
The h i s t o l o g y  o f  b r a in  l e s i o n s  v a r i e s  g r e a t l y  from a minimal 
in f l a m a to r y  r e a c t i o n  to  p s e u d o tu b e rc le s  w i th  g i a n t  c e l l s ,  e p i t h e l i o i d  
c e l l s ,  and lym phocy tes . The t y p i c a l  l e s i o n  in  o t h e r  t i s s u e s ,  p a r t i ­
c u l a r l y  in  t h e  s k in ,  i s  a  granuloma (Baker and Haugen, 1955).
D e s p i te  i t s  c l a s s i c a l  a s s o c i a t i o n  w i t h  m e n i n g i t i s  o r  meningo­
e n c e p h a l i t i s ,  t h e r e  i s  i n c r e a s i n g  c l i n i c a l  e v id e n c e  t h a t  c ry p to c o c c o s i s  
i s  p r im a r i l y  a  pulmonary i n f e c t i o n .  S u p p o r t iv e  e v id e n c e  was p rov ided  
by th e  d e m o n s t r a t io n  t h a t  mice can be i n f e c te d  w i th  a i r b o r n e  C. 
neoformans (L i t tm a n ,  1959; R i t t e r  and L a rsh ,  1963). I t  i s  commonly 
b e l i e v e d  t h a t  th e  organisms a r e  d i s s e m in a te d  from t h e  lungs  hemato- 
genous ly  (L i t tm a n ,  1959). However, Takos (1956) has  shown p e n e t r a t i o n  
o f  th e  i n t e s t i n a l  w a l l  by c ry p to c o c c i  which had been e i t h e r  swallowed 
d i r e c t l y  o r  a f t e r  b e in g  swept from th e  t r a c h e o b r o n c h ia l  t r e e .
Epidemiology o f  C. neoform ans 
Sources  o f  i n f e c t i o n  i n  human d i s e a s e  have n o t  been  p r e c i s e l y  
d e te rm in e d .  At p r e s e n t ,  however, ev idence  i n d i c a t e s  t h a t  th e  sou rce  
i s  exogenous. A lthough neoformans has  been i s o l a t e d  from th e  i n t e s ­
t i n a l  t r a c t  o f  man (Benham, 1935) and h o r s e s ,  sh e e p ,  g o a t s ,  and swine 
(Van Uden, 1958) ,  t h e r e  i s  no e v id e n c e  fo r  t r a n s m i s s io n  from an im al to  
an im a l ,  from an im al to  man, o r  from man t o  man.
Benham (1935) r e p o r te d  th e  i s o l a t i o n  o f  neoform ans from 
normal s k in  and mucous membranes. The o rgan ism  has  been i s o l a t e d  from 
s o i l  in  v a r i o u s  p a r t s  of the  U n ited  S t a t e s ,  H aw aii, and B r a z i l  (Emmons, 
1951, 1954; A j e l l o ,  1958; H asenc lever  and Emmons, 1963; Muchmore, e t  a l .
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1963). neoformans has been  c l o s e l y  a s s o c i a t e d  w i th  p ig eo n  e x c r e ta  
(Emmons, 1954, 1955, 1960; Kao and S chw artz ,  1957; L ittm an  and S c h n e ir -  
so n ,  1959). S ince t h e  p ig eo n  i s  u b i q u i t o u s  in  n a tu r e  i t  i s  p ro b ab le  
t h a t  C ryp tococcus  s p e c ie s  has  world  w ide d i s t r i b u t i o n .
Everson and Lamb (1964) r e c o v e re d  neoform ans from 9 o f  20 
sam ples o f  s lim e  f lu x  exuded by m e s q u i te  t r e e s  (P ro s o p s i s  j a l i f l o r a ) 
grow ing  in  th e  Tucson a re a  o f  A r izo n a .  The o rgan ism s have been i s o l a t e d  
from wood (McDonough, e t  a l .  1961) a s  w e l l  as s o i l  ( A j e l l o ,  1958; Frey  
and D u r ic ,  1964; Kolukanov and  V o j t s e k h o v s k i i ,  1965). These  f in d in g s
i n d i c a t e  t h a t  neoform ans may e x i s t  i n  sm a ll  numbers i n  s o i l  which
i s  f r e e  o f  a v ia n  d ro p p in g s  ( A j e l l o ,  1967). I t  has been p o s tu l a t e d
t h a t  c e l l s  from such a r e a s  a r e  c a r r i e d  by wind c u r r e n t s  and p igeons  to
a r e a s  h a v in g  a h ig h  c o n c e n t r a t i o n  o f  b i r d  excrem ent where th ey  f in d  
more f a v o r a b le  growth c o n d i t io n s .  Hence, a v ia n  h a b i t a t s ,  e s p e c i a l l y  
th o se  o f  th e  p igeon , have  become th e  prim e so u rc e  o f  human and an im al  
i n f e c t i o n .
I t  shou ld  a l s o  be em phasized  t h a t  th e  r e l a t i o n s h i p  of b i r d s  to  
C. neoform ans i s  p ro b a b ly  i n d i r e c t .  N a tu ra l  i n f e c t i o n s  o f  b i r d s  have 
n o t  been  r e c o rd e d .  A ttem pts  to  p ro d u ce  e x p e r im e n ta l  d i s e a s e  v i a  th e  
in t r a v e n o u s  r o u te  in  p igeons  have f a i l e d  (Kao and Schwarz, 1957; S t a ib ,  
1963), a l th o u g h  i n f e c t i o n  has  been a c h ie v e d  by th e  i n t r a c e r e b r a l  and 
i n t r a o c u l a r  r o u te s  (L it tm an , e ^  a l . , 1965; S e th i  and Schwarz, 1966).
I t  has been su g g e s te d  t h a t  t h e  h ig h  body te m p e ra tu re  o f  b i r d s  (Kligman, 
e t  a l . , 1951) and r a b b i t s  (Kugh, 1939; Kuhn, 1949) i s  u n fa v o ra b le  f o r  
t h e  m u l t i p l i c a t i o n  o f  n e o fo rm ans .
The r e s u l t s  o f  e p id e m io lo g ic a l  and im m unological s t u d i e s  lend
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c re d e n c e  to  th e  h y p o th e s i s  t h a t  p ig eo n  h a b i t a t s  se rv e  as r e s e r v o i r s  f o r  
human i n f e c t i o n s ,  and a l s o  t h a t  s u b c l i n i c a l  c ry p to c o c c o s i s  may be more 
p r e v a l e n t  th a n  i s  r e a l i z e d .  A c o m p le m e n t- f ix a t io n  f l u o r e s c e n t  a n t ib o d y  
t e s t  f o r  neoform ans was a p p l i e d  t o  t h e  s e ra  o f  134 p igeon b r e e d e r s  
(W a l te r ,  e t  a l . , 1966). About 22 p e r  c e n t  were p o s i t i v e  as compared to  
3 pe r  c e n t  o t  a c o n t r o l  group composed o f  36 non-p igeon  b r e e d e r s .  P o s i ­
t i v e  r e a c t i o n s  were o bse rved  o n ly  w i th  neoformans Type A and B c e l l s .  
The a u th o r s  concluded  t h a t  t h e  p ig eo n  b r e e d e r s  had been i n f e c t e d  
p r e v i o u s ly  w i th  neoform ans Type A ana B c e l l s .  Moreover, 48 o u t  o f  
49 i s o l a t e s  o f  neoform ans c u l t u r e d  from th e  p igeon h a b i t a t s  o f  72 
p igeon  b r e e d e r s  s tu d i e d  be lo n g ed  t o  s e r o ty p e  A.
The use  o f  a s l i d e  a g g l u t i n a t i o n  t e s t  fo r  th e  s e ro ty p in g  o f  
472 i s o l a t e s  o f  neoform ans o b ta in e d  from c l i n i c a l  and n a t u r a l  s o u rc e s  
r e v e a le d  5 s e r o l o g i c  g roups  (W a lte r ,  1968). These in c lu d e d  Evans 
ty p es  A, B, and C (Evans, 1950; 1951) an d ,  in  a d d i t i o n ,  a f o u r th  s e r o ­
ty p e  w hich  d id  no t  r e a c t  w i th  t y p e - s p e c i f i c  a n t i s e r a  fo r  e i t h e r  A, B, 
or C. The f i f t h  group was d e s ig n a t e d  Type B ( v a r i a n t )  s in c e  s t r a i n s  
o f  Type B f e l l  i n t o  2 d i s t i n c t  s e r o l o g i c  groups. Sero type  A ac co u n te d  
fo r  100 p e r  cen t  (189 c u l t u r e s )  o f  t h e  i s o l a t e s  from a v ia n  h a b i t a t s ,
95 .4  p e r  c e n t  o f  non av ian  s a p r o p h y t i c  i s o l a t e s ,  and 89 .1  p e r  cen t  from 
human i n f e c t i o n s .  Vogel (1966) a l s o  dem ons tra ted  a new s e ro ty p e  o f  C. 
n e o fo rm an s , d e s ig n a te d  Type R.
H y p e r s e n s i t i v i t y ,  o f  e i t h e r  th e  immediate o r  d e layed  ty p e ,  t o  
C. neoform ans in  man o r  e x p e r im e n ta l  a n im a ls  has  been r e p o r t e d  on ly  
r a r e l y .  E s s e n t i a l l y ,  a l l  r e p o r t e d  c a s e s  o f  cu taneous  h y p e r s e n s i t i v i t y  
have been  o f  th e  d e la y e d  ty p e  and th e  m a jo r i t y  of th e s e  have been c a s e s
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o f  human c r y p to c o c c o s i s  (Berghausen , 1927; K essel and H oltzw ard , 1935; 
D le n s t ,  1938; C a r to n ,  1953; Leopold , 1955). In 1961, SaI v in  and Smith 
i n j e c t e d  a s o lu b l e  c e l l  w a l l  a n t ig e n  in t r a d e r m a l ly  i n to  g u in e a  p ig s  
s e n s i t i z e d  w i th  l i v i n g  c e l l s  o f  neoform ans, and e l i c i t e d  a  de layed  
type  s k in  r e s p o n s e .  B e n n e t t ,  H a sen c lev e r  and Baum (1965) confirm ed 
th e  work o f  Sa I v i n  and Smith by th e  u se  o f  a s i m i l a r l y  p re p a re d  a n t ig e n .  
They were a b le  t o  d e m o n s t ra te  s k in  r e a c t i o n  a re a s  o f  erythem a and 
in d u r a t io n  ex c ee d in g  5 mm d ia m e te r  w i t h in  24 h r s ,  in  14 of 16 p a t i e n t s  
w i th  t r e a t e d ,  i n a c t i v e  c ry p to c o c c o s i s  and in  4. o f  9 p a t i e n t s  w i th  
a c t i v e  c r y p to c o c c o s i s .  They observed  d e la y e d - ty p e  r e a c t i o n s  in  15 of 
22 normal v o l u n t e e r s  and i n  8 o f  17 p a t i e n t s  w ith  a d i a g n o s i s  o f  o th e r  
types  o f  m yco tic  d i s e a s e .  L a t e r ,  5 p o s i t i v e  r e a c to r s  to  th e  neo­
formans a n t ig e n s  w ere  found among 107 a d u l t s  and c h i l d r e n  t e s t e d  a t  
th e  Government H o s p i t a l  in  I s r a e l .
Muchmore, e ^  a l . , (1964 ),  u s in g  an  a n t ig e n  p rep a re d  by SaI v in ,  
r e p o r te d  d e la y e d  ty p e  s k in  r e a c t i o n s  in  26 out of 86 lo n g - t im e  r e s i d e n t s  
o f  K in g f i s h e r ,  Oklahoma. There  appeared  to  be a c o r r e l a t i o n  between 
i s o l a t i o n  o f  neoform ans from s o i l  o r  pigeon d ropp ings  w i th  3 
c a ses  o f  a c t i v e  c r y p to c o c c o s i s  (1963).
A d e la y e d - ty p e  h y p e r s e n s i t i v i t y  was d e s c r ib e d  by Lomanitz and 
Hale (1963) in  b o th  r a b b i t s  and g u in ea  p ig s  s e n s i t i z e d  w i th  h e a t - k i l l e d  
whole c e l l s  and w i t h  c e l l  w a l l s  o f  neoformans p rep a re d  by son ic  
v i b r a t i o n .  Whole c e l l s  and c e l l  "soma" were used as s k in  t e s t  a n t i g e n s .  
P a s s iv e  t r a n s f e r  o f  s e n s i t i v i t y  t o  d e c a p su la te d  c e l l s  and to  c e l l  w a l l  
a n t ig e n s  was accom plished  by u s in g  a m ix tu re  o f  p e r i t o n e a l  e xuda te  c e l l s  
and a n t ig e n .  An im m ed ia te - ty p e  h y p e r s e n s i t i v i t y  was not observed  in
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t h i s  s tu d y ,
P e rc e v a l  (1965) dem ons tra ted  de layed  ty p e  h y p e r s e n s i t i v i t y  in  
mice v a c c in a te d  w i th  v i a b l e  c ry p to c o c c i .  H y p e r s e n s i t i v i t y  r e a c t i o n s  
were e l i c i t e d  by i n j e c t i n g  whole c e l l s  in to  th e  h in d  fo o t  pad and e x a ­
mining f o r  a c c e l e r a t e d  s w e l l in g  which reached  a  maximum in  24 h o u rs .
The most r e c e n t  r e p o r t  concern ing  d e la y e d  h y p e r s e n s i t i v i t y  t o  
C. neoformans i s  t h a t  o f  A tk inson  and B ennett  (1968). Skin t e s t  
m a t e r i a l  ( c r y p to c o c c in )  p re p a re d  from a u re a  e x t r a c t  o f  neoform ans 
e l i c i t e d  derm al r e a c t i o n s  o f  th e  de layed  ty p e .  The a u th o rs  w ere a b le  
to  o b t a in  r e a c t i o n s  g r e a t e r  th a n  5 mm in  d ia m e te r  in  42 p e r  cen t  o f  
p a t i e n t s  w i th  a c t i v e  c ry p to c o c c o s i s  and in  50 p e r  cen t of p a t i e n t s  w i th  
i n a c t i v e  d i s e a s e .  Only 1 r e a c t o r  was d e te c te d  in  a group o f  21 normal 
c o n t r o l  s u b j e c t s .  However, among p a t i e n t s  w i t h  b la s to m y c o s is ,  h i s t o ­
p la s m o s is ,  and cocc id io id o m y co s is  th e  r e a c to r  r a t e s  were 50, 22, and 25 
per  c e n t ,  r e s p e c t i v e l y .  The a u th o r s  p o s tu l a te d  t h a t  th e s e  p a t i e n t s  may 
have been  exposed t o  neoform ans in  a d d i t i o n  t o  the  fungus r e s p o n s ib le  
fo r  t h e i r  c l i n i c a l  d i s e a s e ,  however t h e i r  e x p e r im e n ta l  r e s u l t s  in  
gu inea  p ig s  a l s o  su g g e s te d  t h a t  c r o s s - r e a c t i v i t y  might be a n o th e r  
p o s s ib l e  e x p la n a t io n .
The r e c e n t  i n v e s t i g a t i o n s  o f  SaI v in  and Smith (1961), B e n n e t t ,  
e t  a l . , (1965), and A tk inson  and Bennett (1968) p rov ided  s k in  t e s t  
a n t ig e n s  which may prove u s e f u l  in  e p id e m io lo g ic a l  su rveys .  I t  i s  
p o s s i b l e ,  however, t h a t  n o t  a l l  p a t i e n t s  w i th  a c t i v e  c ry p to c o c c o s i s  w i l l  
respond t o  s k in  t e s t  a n t i g e n s .  A tk inson  and B enne tt  (1968) r e p o r te d  
t h a t  ove r  50% o f  p a t i e n t s  w i th  a c t i v e  o r  i n a c t i v e  c ry p to c o c c o s i s  were 
a n e rg ic  t o  c ry p to c o c c in .
14
Immunology o f  C. neoformans
D e s p i te  th e  m ounting ev idence  which p o i n t s  to  th e  u b i q u i t y  o f  
C. n eo fo rm an s , c r y p to c o c c o s i s  deve lops  in  o n ly  a sm a l l  p e r c e n ta g e  o f  
p e rso n s  who a r e  exposed to  th e  fungus. The r e a s o n  fo r  t h i s  i s  n o t  u n ­
d e r s to o d ,  how ever, i t  i s  th o u g h t  t h a t  p a t i e n t s  w i th  c l i n i c a l  d i s e a s e  
r e p r e s e n t  o n ly  a sm a l l  p o r t i o n  o f  th o s e  who a r e  p ro b a b ly  i n f e c t e d .
L i t t l e  i s  u n d e rs to o d  abou t th e  immunology o f  c r y p to c o c c o s i s  o r  o f  th e  
h o s t - p a r a s i t e  r e l a t i o n s h i p .  In a c t i v e  advanced c a se s  o f  c r y p to c o c c o s i s  
th e  h o s t  f a i l s  t o  m o b i l iz e  a com p le te ly  e f f e c t i v e ,  d e f e n s i v e  c e l l u l a r  
r e a c t i o n  o r  t o  combat th e  i n f e c t i o n  by any o b s e rv a b le  immunologic 
mechanism. However, th e  h o s t  a p p a re n t ly  i s  a b l e  t o  r e s i s t  i n i t i a l  i n ­
v a s io n  i n  some manner, ex c ep t  under c e r t a i n  u n u su a l  c i r c u m s ta n c e s .
Among e x p e r im e n ta l  a n im a ls ,  i t  a p p e a rs  c h a t  th e  mouse i s  u n i fo rm ly  
s u s c e p t i b l e  t o  i n f e c t i o n  w i th  neo fo rm ans , w hereas  th e  r a b b i t  i s  
r e s i s t a n t .  Thus, t h e s e  2 anim al s p e c ie s  have  been used  e x t e n s i v e l y  
t o  s tu d y  n a t u r a l  h o s t  r e s i s t a n c e  and a n t ib o d y  re s p o n s e  t o  th e  o rgan ism s .
A n t i c r y p to c o c c a l  f a c t o r s  in  human serum which resem b led  b e ta  
l y s i n  w ere f i r s t  d e s c r ib e d  by A llen  (1955) and l a t e r  con firm ed  by Howard 
(1961),  Baum and A r t i s  (1961), and Gadebusch (1961). Gadebusch (1961) 
a l s o  r e p o r t e d  t h a t  th e  a n t i c r y p t o c o c c a l  f a c t o r  was no t r e l a t e d  to  
complement or p r o p e r d in .  In  1963, Baum and A r t i s  con firm ed  th e  f in d in g  
t h a t  t h e  human a n t i c r y p t o c o c c a l  serum f a c t o r  was n o t  r e l a t e d  t o  comple­
ment o r  p r o p e r d in  and t h a t  i t  was h e a t  s t a b l e  a t  t e m p e ra tu re s  up to  
65 C. Summers and H a se n c le v e r  (1964) d e m o n s tra ted  a  c r y p to c o c c a l  
growth i n h i b i t i n g  f a c t o r  i n  e x p e r im e n ta l ly  produced mouse a s c i t e s  f l u i d  
and in  serum from  th e  same mice.
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I g e l  and Bolande (1966) p r e s e n te d  ev id en ce  fo r  an  a n t i ­
c r y p to c o c c a l  f a c t o r  in  norm al human s a l i v a r y  s e c r e t i o n s  and serum.
Normal p o o led  human c e r e b r o s p i n a l  f l u i d  c o n ta in e d  no such  m a t e r i a l .
Using ch ro m a to g ra p h ic  s e p a r a t i o n  o f  human serum they  d e m o n s tra te d  a  
r e l a t i o n s h i p  between th e  i n h i b i t o r  and th e  b e ta  g l o b u l i n  f r a c t i o n .  In 
c o n t r a s t ,  S z i l a g y i ,  e t  a l . , (1966) found a growth i n h i b i t i n g  f a c t o r  fo r  
C. neoform ans i n  th e  a lp h a  2 and gamma 2 serum g l o b u l i n s .
Gadebusch and Johnson (1966) have r e c e n t l y  shown t h a t  a  number 
o f  c a t i o n i c  p r o t e i n s  from mammalian t i s s u e s  p o sses s  p o t e n t  ^  v i t r o  and 
in  v iv o  a n t i c r y p t o c o c c a l  a c t i v i t y .  M ic roscop ic  e x a m in a t io n  o f  neo ­
formans c e l l s  t r e a t e d  w i th  t h e s e  a g e n ts  r e v e a le d  c y t o l o g i c a l  a l t e r a t i o n s  
ra n g in g  from o v e r t  l y s i s  o f  th e  c e l l s  (po lym orphonuclear  l e u k o c y te  
ly so so m al  c a t i o n i c  p r o t e i n )  to  change i n  p l a s t i c i t y  (muramidase) an d /  
o r  v a c u o l a t i o n  ( p la k in )  o r  g r a n u l a t i o n  o f  th e  cy to p la sm  ( h i s t o n e s ) .  
Gadebusch (1966) l a t e r  showed t h a t  c r y p to c o c c a l  c e l l s  w ere  e s p e c i a l l y  
s e n s i t i v e  t o  muramidase d u r in g  th e  budding  p ro ce s s  and t h a t  such  t r e a t ­
ment r e s u l t e d  i n  c e l l s  w i th  osm otic  i n s t a b i l i t y ,  im p a ire d  c a p s u la r  
s y n t h e s i s ,  and i n a b i l i t y  o f  r e p r o d u c t iv e  u n i t s  t o  s e p a r a t e .  Lysosomal 
c a t i o n i c  p r o t e i n  (LCP) and p l a k i n  were found to  be c a p a b le  o f  r e l e a s i n g  
n u c l e i c  a c id s  from th e  c e l l s .  The same e f f e c t ,  but to  a  l e s s e r  e x t e n t ,  
was c a u se d  by l y s i n e - r i c h  h i s t o n e ,  sp e rm ine , and RNase. In a d d i t i o n ,
LCP and p l a k i n  r a p i d l y  i n h i b i t e d  oxygen up take  o f  n e o fo rm an s .
As m entioned  e a r l i e r ,  the  c e l l u l a r  re s p o n s e  t o  i n f e c t i o n  w i th  
C. n eoform ans i s  minimal and i s  c h a r a c t e r i z e d  by g i a n t  c e l l  fo rm a t io n .  
D rouhet and S e g r e t a in  (1951) were th e  f i r s t  to  r e p o r t  t h a t  c r y p to c o c c a l  
p o ly s a c c h a r id e  i n h i b i t e d  m ig r a t io n  o f  g u in ea  p ig  le u k o c y te s  v i t r o .
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Gadebusch (1959) r e p o r t e d  t h a t  l e u k o c y te s  from anemic mice would phago- 
c y t i z e  s m a l l - c a p s u l e  v a r i a n t  c e l l s  more r e a d i l y  th a n  l a r g e - c a p s u le  
s t r a i n s .  The fo rm a tio n  o f  h i s t o c y t e  r i n g s  in  r e s p o n s e  to  neoformans 
i n f e c t i o n  i n  mice and a l s o  in  t i s s u e  c u l t u r e  was r e p o r t e d  by Schnearson- 
P o ra t  (1 9 6 5 ) .  Rings w ere obse rved  o n ly  when t h e  y e a s t  had a l a r g e  
c a p su le  and when th e  c e l l s  were p r e v i o u s ly  exposed t o  immune serum. 
Gadebusch (1966) a l s o  r e p o r t e d  t h a t  r a b b i t  p e r i t o n e a l  and a l v e o l a r  
macrophages w ere  a b le  t o  p h a g o c y t iz e  n e o fo rm an s . He r e p o r te d  t h a t  
p e r i t o n e a l  m acrophages e x h ib i t e d  1 p e r  c e n t  and 76 p e r  c e n t  phago­
c y to s i s  f o r  a  l a r g e  c a p su le  ty p e  and a s m a l l  c a p su le  ty p e ,  r e s p e c t i v e l y .  
S im i la r  r e s u l t s  were se e n  w i th  a l v e o l a r  m acrophages.
Bulmer and Sans (1967) r e p o r t e d  t h a t  o n ly  24 pe r  c e n t  o f  human 
le u k o c y te s  p h a g o c y t iz e d  an e n c a p s u la te d  s t r a i n  o f  neo fo rm ans , w here­
as  p h a g o c y to s i s  o f  n o n -e n c a p s u la te d  m u ta n ts  ran g e d  from 74 to  84 per  
c e n t .  They a l s o  found t h a t  i s o l a t e d  c r y p to c o c c a l  p o ly s a c c h a r id e  was a 
s p e c i f i c  and p o te n t  i n h i b i t o r  o f  p h a g o c y to s i s .  These r e s u l t s  w i th  human 
le u k o c y te s  c o r r e l a t e  w e l l  w i th  th o s e  o f  Gadebusch (1966) who used 
r a b b i t  m acrophages .
C. neoform ans c a u se s  a v a r i e d  and m inim al immunologic resp o n se  
in  i n f e c t e d  humans and a n im a ls  a s  w e l l  a s  in  immunized a n im a ls .  F a i lu r e  
to  d e m o n s t ra te  a n t i b o d i e s  in  serum from c l i n i c a l  c a se s  has been a t t r i ­
bu ted  t o  poor  a n t i g e n i c i t y  o f  th e  o rg an ism  ( S a lv in ,  1959; S e e l ig e r ,  
1962), immunologic p a r a l y s i s  ( S e e l i g e r ,  1962) ,  n e u t r a l i z a t i o n  o f  a n t i ­
b o d ie s  by an  abundance o f  c i r c u l a t i n g  fungus a n t i g e n s  in  th e  body
f l u i d s  ( S a lv in ,  1959; N e i l l ,  e t  a l . , 1 9 5 1 ) ,  and a l s o  t o  th e  inadequacy 
o f  s e r o l o g i c  t e s t s  (W alter and J o n e s ,  1968). The p re s e n c e  o f  c ry p to -
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cocca l  p o ly s a c c h a r id e  in  t h e  body f l u i d s  o f  p a t i e n t s  w i th  c ry p to c o c c o s i s  
has  been d e m o n s tra ted  by N e i l l ,  e t  a l . ,  (1951), S e e l ig e r  and C h r i s t  
(1938), Anderson and Beech (1958), B lo o m fie ld ,  e t  a l . , (1963), and 
B enne tt ,  e ^  â l*  » (1964). These f in d in g s  would appear  to  s u p p o r t  th e  
th eo ry  t h a t  ex cess  a n t i g e n  m ight n e u t r a l i z e  a n t ib o d y  a s  r a p i d l y  a s  i t  
i s  formed.
Fo llow ing  a r e p o r t  by R appapo r t ,  e£  a l . , (1926), c ry p to c o c c a l  
a n t i b o d ie s  in  humans w ere n o t  d e t e c t e d  a g a in  u n t i l  1960 when S e e l ig e r  
dem onstra ted  a g g l u t i n i n s .  S ince  th e n ,  w i t h  the  developm ent o f  improved 
s e r o lo g ic  te c h n iq u e s ,  a n t ib o d y  to  neoform ans has  been r e p o r t e d  
s e v e r a l  t im e s .  P o l lo c k  and Ward (1962) r e p o r te d  c ry p to c o c c a l  a n t ib o d ie s  
in  p a t i e n t s  w i th  th e  d i s e a s e  by use o f  a  h e m a g g lu t in a t io n  t e s t .  Using 
f l u o r e s c e n t  a n t ib o d y  t e c h n i q u e s ,  V ogel, a t  a l . , (1961), M a rs h a l l ,  e t  
a l . , (1961), V ogel, (1966 ),  and Pidcoe and Kaufman (1968) r e p o r t e d  
a n t i b o d ie s  to  neoform ans in  p a t i e n t s  w i th  a c t i v e  d i s e a s e .  W alter  
and A tch ison  (1966) o b ta in e d  s i m i l a r  r e s u l t s  u s in g  a complement- 
f i x a t i o n  f l u o r e s c e n t  a n t ib o d y  t e s t .  Gordon and Vedder (1966) showed 
th a t  a n t ig e n  and a n t i b o d i e s  cou ld  be d e t e c t e d  by l a t e x - f i x a t i o n  and 
tube  a g g l u t i n a t i o n  t e s t s .  W alte r  and Jones  (1968) confirm ed th e s e  
r e s u l t s  w i th  c o m p le m e n t - f ix a t io n ,  s l i d e  a g g l u t i n a t i o n ,  and l a t e x -  
f i x a t i o n  t e s t s .
W alte r  and Jones  (1968) o bse rved  t h a t  a n t i b o d ie s  w ere d i f f i c u l t  
to  d e t e c t  in  p a t i e n t s  w i th  a c t i v e  o r  r e c e n t  d i s e a s e ,  bu t  t h a t  c i r c u l a ­
t i n g  a n t i g e n  could  be d e te c te d  r e a d i l y .  A n t ib o d ie s  to  neoform ans
were o bse rved  only  a f t e r  th e r a p y ,  when th e  p a t i e n t s  became c u l t u r a l l y  
n e g a t iv e  and when a n t i g e n  t i t e r s  had s u b s id e d .  I t  was p o s tu l a t e d  t h a t
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t h e  p re se nc e  of a n t i b o d i e s  in  man r e f l e c t s  a s t a t e  o f  r e c o v e ry  or a low 
g rad e  i n f e c t i o n .  These i n v e s t i g a t o r s  a l s o  s u g g e s t e d  t h a t  t h e i r  f i n d i n g s  
t en d  to  d i s p r o v e  t h e  h y p o t h e s i s  of  n o n - a n t i g e n i c i t y  of neoformans 
and th e  concept  of immunologic p a r a l y s i s .  They f a v o r ,  i n s t e a d ,  S a l v i n ' s  
(1959)  h y p o t h e s i s  t h a t  excess  a n t i g e n  i n  the  body n e u t r a l i z e s  a n t ib o d y .
I t  would a p p e a r ,  t h e r e f o r e ,  t h a t  neoformans is  h i g h ly  a n t i ­
g e n ic  and t h a t  c r y p t o c o c c a l  a n t ib o d y  might  be p r o t e c t i v e .  However, 
a t t e m p t s  to  produce  p o t e n t  a n t i s e r a  and v a c c i n e s  have met w i th  minimal 
and v a r i a b l e  r e s u l t s .  Also,  a t t e m p t s  t o  a c t i v e l y  or  p a s s i v e l y  immunize 
e x p e r i m e n t a l  an im a ls  have met w i th  v a r y i n g  d e g re e s  o f  s u c c e s s ,  and have 
l ea d  to  some c o n t r o v e r s y .
Early  i n v e s t i g a t o r s  (Hoff,  1942; Kligman,  1947; S ta n le y ,  1949)  
f a i l e d  to  d e m o n s t r a t e  s i g n i f i c a n t  amounts of  humoral  a n t i b o d i e s  in 
r a b b i t s .  Evans (1950) r e p o r t e d  tne  p r o d u c t i o n  of  "high t i t e r e d "  a n t i ­
s e r a  (1 :320)  when 3 of 9 s t r a i n s  of  neoformans were used to  
immunize r a b b i t s .  N e i l l ,  Abrahams, and Kapros (1950) showed t h a t  h i g h  
t i t e r e d  a n t i s e r a  cou ld  be ob t a in e d  in  r a b b i t s  i f  c l o s e l y  spaced ,  l a r g e  
doses  of  a n t i g e n  from weakly e n c a p s u l a t e d  s t r a i n s  of  neoformans 
were used.  This  o b s e r v a t i o n  sug g e s t e d  t h a t  t h e r e  i s  an i n v e r s e  r e l a ­
t i o n s h i p  between the  s i z e  o f  t h e  c a p s u l e  and th e  r e s u l t i n g  an t ibody  
t i t e r ,  Gadebusch (1958b)  observed  t h a t  v a r i a n t  s t r a i n s  of C_. neoformans 
which posses sed  l a r g e  c a psu le s  r e s i s t e d  p h a g o c y to s i s  by mouse polymor­
p ho n u c le a r  l e u k o c y t e s ,  whereas  t h i n l y  e n c a p s u l a t e d  v a r i a n t s  were 
r e a d i l y  i n g e s t e d .  S i m i l a r  f i n d i n g s  have  been observed  w i t h  r a b b i t  
p e r i t o n e a l  and a l v e o l a r  macrophages (Gadebusch, 1966) and w i th  human 
po lymorphonuc lea r  l e u k o c y t e s  (Bulmer and Sans, 1967) .
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In r e g a r d  t o  v i r u l e n c e  of  ^  neoformans and i t s  r e l a t i o n s h i p  
t o  m orpho log ic a l  c h a r a c t e r i s t i c s ,  t h e r e  a p p e a r s  t o  be some d i s c r e p a n c y  
i n  t h e  l i t e r a t u r e .  The r e p o r t s  of  Drouhe t ,  S e g r e t a i n ,  and Aubert  (1950) ,  
Kao and Schwarz (1957) ,  Gadebusch (1958b) ,  and Li t tman  and Sc hne i r son  
(1959)  d i s a g r e e  w i t h  r e g a r d  t o  a c o r r e l a t i o n  between t h i c k n e s s  o f  t h e  
c a p s u l e  and v i r u l e n c e  of  t h e  organi sm fo r  mice.  I shaq  (1965)  r e p o r t e d  
t h a t ,  when grown i n  s o i l  f o r  1 month, t h e  s i z e  of  the  c a p s u l e  d e c r e a s e d  
by 55 pe r  c e n t ,  and t h a t  a f t e r  6 months i t  d e c re a s e d  by 77 p e r  c e n t .
He a l s o  r e p o r t e d  t h a t  i n  mice i n j e c t e d  i n t r a p e r i t o n e a l l y  w i t h  organ isms  
grown i n  s o i l  f o r  1 month 100 pe r  cen t  o f  the  mice d i e d .  The m o r t a l i t y  
r a t e  dec re a sed  t o  40 pe r  c e n t  when c e l l s  grown f o r  6 months were used .  
Converse ly ,  Vanbreuseghem (1967)  r e p o r t e d  t h a t  a l t h o u g h  t h e  v i r u l e n c e  
o f  v a r i o u s  s t r a i n s  may d i f f e r ,  v i r u l e n c e  i s  n o t  modif ied  by m ain tenance  
o f  t h e  organisms f o r  y e a r s  in  t h e  l a b o r a t o r y  or  by i n o c u l a t i o n  i n t o  
a n im a l s ,  nor i s  i t  r e l a t e d  to  t h e  s i z e  o f  t h e  c a p s u l e .
Gadebusch (1960) ,  employed a h i g h l y  s p e c i f i c  enzyme i s o l a t e d  
from a s o i l  m ic roorgan ism  (A lca l ig e n e s  s p e c i e s ) ,  t o  remove t h e  c a p s u l a r  
p o l y s a c c h a r i d e  from i n t a c t  c e l l s  of  neo fo rm ans . Using t h e s e  d e c ap -  
s u l a t e d  c e l l s  as  a n t i g e n ,  he was a b l e  t o  p roduce ,  in  r a b b i t s ,  a g g l u t i ­
n a t i n g  an t ibody  t i t e r s  of  1:640,  as compared w i t h  t i t e r s  o f  1 :160  when 
f o r m a l i n - k i l l e d  or  Waring Blende r -g round ,  e n c a p s u l a t e d  c e l l s  were used .
By u s i n g  a f l u o r e s c e n t  a n t i b o d y  t e c h n i q u e ,  he showed t h a t  t h e  c e l l s  
p o s s e s s e d  the  c a p s u l a r  a n t i g e n ,  even though no c a p s u l a r  m a t e r i a l  was 
v i s i b l e  with In d ia  in k .  Gadebusch s ugges ted  t h a t  t h e  a n t i g e n i c  m a t e r i a l  
r e s i d e s  in a t h i n  l a y e r  of  c a p s u l a r  m a t e r i a l  t h a t  i s  c l o s e l y  bound to  
t h e  c e l l  w a l l .  When t h e s e  c e l l s  a r e  s u b j e c t e d  t o  r e p e a t e d  enzymati c
2 0
a c t i o n  o r  t o  mild a c id  t r e a t m e n t  t h e y  l o s e  t h e i r  a b i l i t y  t o  s t i m u l a t e  
t h e  f o rm a t ion  of e i t h e r  p r o t e c t i v e  or  a g g l u t i n a t i n g  a n t i b o d i e s .
Kase and Metzger  (1962)  t r e a t e d  a h i g h l y  e n c a p s u l a t e d ,  mucoid 
s t r a i n  o f  neoformans w i th  Wescodyne G t o  i s o l a t e  a d r y ,  t h i n l y  
e n c a p s u l a t e d  v a r i a n t .  They r e p o r t e d  t h e  p r o d u c t i o n  o f  "high t i t e r e d "  
a n t i s e r a  (1 :640 t o  1 :2560)  w i t h  t h e  d r y  v a r i a n t ,  as compared to  t i t e r s  
o f  1 :2  w i t h  t h e  p a re n t  s t r a i n .  Kaufmen and Blumer (1965) o b t a in e d  
a g g l u t i n a t i n g  a n t ib o d y  t i t e r s  o f  up t o  1:640 i n  r a b b i t s  immunized w i t h  
2 weakly e n c a p s u l a t e d  s t r a i n s  o f  neofo rm ans . Using agar  double  
d i f f u s i o n  t e c h n i q u e s  w i t h  t h i s  sys tem they  observed 1 t o  4 p r e c i p i t i n  
b a n d s .
Attempts  to  deve lop  p o t e n t  v a c c i n e s  from v a r i o u s  fu n g i  have 
been  hampered by t h e  i n h e r e n t  c h a r a c t e r i s t i c s  of the  fu n g i  t h e m s e lv e s .  
Induced  immunity t o  t h e  f u n g i  i s  s t r o n g l y  i n f l u e n c e d  by the  morpholot- 
g i c a l  c h a r a c t e r  o f  the  f u n g i  from which th e  v a c c i n e  i s  made. Anothe r  
v e r y  im p o r ta n t  c o n s i d e r a t i o n  i s  t h e  dosage  used .  This  was emphasized 
f o r  neoformans by Abrahams and G i l l e r a n  (1960) when they  obse rved  
t h a t ,  w i t h  k i l l e d  v a c c i n e s ,  dosages  e i t h e r  above or  below a c e r t a i n  
r a n g e  were s u bop t im a l  fo r  p r o t e c t i o n .  Kong and Levine (1967) p o s t u l a ­
t e d  t h a t  t h i s  i s  t h e  most  p r o b a b l e  r e a s o n  fo r  t h e  f a i l u r e  of  o t h e r  
w o r k e rs  (Gadebusch, 1958a;  Lev ine ,  1962)  t o  d e m o n s t ra te  s t r o n g  immu­
n i t y  t o  neoformans in  mice v a c c i n a t e d  w i th  k i l l e d  o rgan isms .  With 
k i l l e d  v a c c i n e s ,  immunity t o  e x p e r i m e n t a l  c r y p t o c o c c o s i s  g e n e r a l l y  
d e c l i n e s  over  a r e l a t i v e l y  s h o r t  p e r i o d  o f  t ime.  Mice v a c c i n a t e d  w i t h  
m u l t i p l e  doses  of  k i l l e d  neoformans c e l l s  s u r v i v e  longe r  when 
c h a l l e n g e d  7 t o  14 days l a t e r  than  th e y  do i f  c h a l l e n g e d  21 days l a t e r
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(Abrahams and G i l l e r a n ,  1960) .  To d a t e ,  t h e  e f f e c t  o f  t h e  r o u t e  of  
v a c c i n a t i o n  has  no t  been i n v e s t i g a t e d .
Gadebusch (1958a)  r e p o r t e d  t h a t  " c rude "  p o l y s a c c h a r i d e  p r e ­
pa red  from c a p s u l a r  m a t e r i a l  o f  neoformans f a i l e d  t o  induce  t h e  
f o rm a t i o n  of  p r o t e c t i v e  a n t i b o d i e s  i n  mice.  On t h e  o t h e r  hand,  a 
" p u r i f i e d "  p o l y s a c c h a r i d e  p r e p a r a t i o n ,  e s p e c i a l l y  when combined w i t h  a 
r e s i n ,  was capab le  o f  p r o t e c t i n g  mice. An a t t e m p t  to  immunize mice 
p a s s i v e l y  wi th  r a b b i t  a n t i c r y p t o c o c c a l  s e r a  f a i l e d  (Gadebusch,  1958b) .
In 1963, Gadebusch r e p o r t e d  s i m i l a r  f i n d i n g s ,  e m phas iz ing  t h a t  p r o ­
t e c t i o n  could be g r e a t l y  enhanced i f  t h e  " p u re "  p o l y s a c c h a r i d e  m a t e r i a l  
was coup led  to  an ion  exchange r e s i n  p r i o r  t o  i n j e c t i o n .  In  the  same 
y e a r ,  Lour ia  (1963)  n o t e d  an i n c r e a s e d  s u r v i v a l  r a t e  i n  mice immunized 
w i t h  l i v e  neoformans c e l l s  and c h a l l e n g e d  1 t o  4 months a f t e r  immuni­
z a t i o n .  P r e t r e a t m e n t  o f  mice w i t h  b a c t e r i a l  e n d o to x i n  p r i o r  to  immuni­
z a t i o n  w i t h  l i v e  neoformans c e l l s  a l s o  r e s u l t e d  in  p r o t e c t i o n  
a g a i n s t  c ry p t o c o c c a l  c h a l l e n g e .  E n d o t o x i n - p r o t e c t e d  a n im a ls  showed no 
a b i l i t y  t o  l i m i t  t h e  i n f e c t i o n  u n t i l  c i r c u l a t i n g  a n t i b o d y  could  be 
d e t e c t e d .  Also,  c o n t r o l  of  m u l t i p l i c a t i o n  of  c r y p t o c o c c a l  c e l l s  could 
be c o r r e l a t e d  w i th  t h e  p r e s e n c e  of  a n t i b o d y ,  bu t  cou ld  no t  be c o r r e l a t e d  
w i t h  an enhanced c e l l u l a r  r e s p o n s e .  Lour ia  p o s t u l a t e d  t h a t  " a l though  
p r o t e c t i o n  a g a i n s t  c r y p t o c o c c a l  c h a l l e n g e  a p p e a r s  t o  be a n t i b o d y  depen­
d e n t ,  i t  i s  u n c l e a r  whe the r  p r o t e c t i v e  a n t i b o d y  i s  t o  be  found i n  
plasma or  i f  i t  i s  t i s s u e  b o u n d . "
Cozad, e ^  a l . , (1963) r e p o r t e d  t h a t  c a p s u l a r  p o l y s a c c h a r i d e  
from neoformans d i d  n o t  s t i m u l a t e  a n t i b o d y  p r o d u c t i o n  in  r a b b i t s ,  
bu t  t h a t  i t  a p p a r e n t l y  r e a c t e d  w i t h  c i r c u l a t i n g  a n t i b o d y  in  the  serum
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o f  a n im a ls  hyperImmunized w i t h  whole c e l l s .  In  c o n t r a s t ,  Gadebusch e t  
a l .  (1964)  r e p o r t e d  t h a t  c a p s u l a r  p o l y s a c c h a r i d e  per  se  was "h igh ly  
a n t i g e n i c "  i n  mice,  r a b b i t s ,  and r a t s  and r e s u l t e d  in  h e m a g g l u t i n a t i n g  
a n t i b o d y  t i t e r s  of  1 :10 ,  1 :20 ,  and 1:40  r e s p e c t i v e l y .  In  t h e s e  s t u d i e s ,  
a s i n g l e  i n j e c t i o n  o f  600 ug p o l y s a c c h a r i d e  was used i n  mice and r a t s ,  
and a  t o t a l  o f  36 mg, g iven  i n  2 i n j e c t i o n s  21 days a p a r t ,  was used 
i n  r a b b i t s .  Gadebusch s t a t e d  t h a t  t h e  f a i l u r e  o f  Cozad, e ^  a l . , (1963) 
t o  d e m o n s t r a t e  a n t ib o d y  to  p o l y s a c c h a r i d e  was p robab ly  due t o  the  
p r e s e n c e  o f  an e xces s  of  c i r c u l a t i n g  p o l y s a c c h a r i d e  which combined w i th  
a n t i b o d y  as  soon as  i t  was formed.
Gordon and Lapa (1964) r e p o r t e d  t h a t  immune g l o b u l i n  a f f o r d e d  
no p r o t e c t i o n  a g a i n s t  e x p e r i m e n t a l  c r y p t o c o c c o s i s  in  mice. However, 
combined g l o b u l i n  and a m p h o t e r i c in  B th e r a p y  r e s u l t e d  i n  e i t h e r  p ro longed  
s u r v i v a l  t ime  o f  t h e  an imals  o r  r e d u c t i o n  in  t h e  amount o f  a m p h o t e r i c in  
b needed to  p ro v id e  a  g iven  l e v e l  o f  p r o t e c t i o n .  Fo l lowing th e r a p y  of  
human c r y p t o c o c c o s i s  w i t h  r a b b i t  a n t i s e ru m ,  Gordon and Vedder  (1966) 
d e t e c t e d  bo th  r a b b i t  and human a n t i b o d y  in  p a t i e n t ' s  s e r a .  This  was 
t a k e n  to  i n d i c a t e  t h a t  human a n t i b o d y ,  n o t  p r e v i o u s l y  d e t e c t e d  due t o  
t h e  p r e s e n c e  of excess  a n t i g e n ,  was now d e t e c t a b l e  by v i r t u e  o f  t h e  
n e u t r a l i z a t i o n  o f  a n t i g e n  by r a b b i t  a n t ib o d y .  In  c o n t r a s t  t o  the  h y p o th ­
e s i s  o f  L our ia  (1963) ,  t h e s e  a u t h o r s  proposed t h a t ,  w h i l e  c i r c u l a t i n g  
p r o t e c t i v e  a n t i b o d y  i s  no t  measured by a g g l u t i n a t i o n  t e s t s ,  serum 
t i t e r s  o f  a g g l u t i n a t i n g  a n t i b o d y  may p a r a l l e l  t h o s e  o f  the  former and 
t h e r e b y ,  may s e rv e  a s  an index  o f  h o s t  r e s i s t a n c e .  Goren (1966, 1967) 
r e p o r t e d  t h a t ,  when con juga ted  w i t h  bov ine  gamma g l o b u l i n ,  p u r i f i e d  
p o l y s a c c h a r i d e  from C. neoformans i s  h i g h l y  a n t i g e n i c  i n  mice and may
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in duce  t h e  p r o d u c t i o n  of  a g g l u t i n a t i n g  a n t i b o d y  t i t e r s  of  t h e  o rd e r  of  
1:2000.  However, d e s p i t e  t h i s  h i g h  l e v e l  of  humoral  a n t i b o d y ,  an im als  
c h a l l e n g e d  w i t h  20-50 doses  of  homologous organisms e x h i b i t e d  no 
I n c r e a s e  In s u r v i v a l  t ime  over  c o n t r o l s .  Cont rary to  t h e  f i n d i n g s  of  
Gadebusch (1958a, 1963, 1964) ,  Goren found t h a t  h i s  p o l y s a c c h a r i d e  was. 
n o n - a n t l g e n i c  fo r  t h e  mouse by I t s e l f  or  when con ju ga ted  to  mouse gamma 
g l o b u l i n .  In  1968, Goren and Warren r e p o r t e d  t h a t  a pseudo-Immune 
r e a c t i o n  can occur  a t  t h e  s u r f a c e  of  c ry p t o c o c c a l  c e l l s  w i th  complement 
from f r e s h  mouse, r a b b i t ,  gu inea  p i g ,  and human s e r a .
Goren (1967) ,  s t u d i e d  t h e  p r o g r e s s i v e  changes In t h e  funga l  
p o p u l a t i o n  o f  the  t i s s u e s  o f  I n f e c t e d ,  nonlmmune mice,  and ob ta in e d  
e v id e n c e  fo r  a "dual  n a t u r a l  Immune r e s p o n s e " ,  l . e ,  p r o d u c t io n  of non- 
p r o t e c t i v e ,  humoral ,  a n t l - p o l y s a c c h a r i d e  an t ib o d y  and s t lmula&ion of 
a n ,  a t  l e a s t  p a r t i a l l y ,  e f f e c t i v e  d e fe n s e  mechanism t h a t  remains 
u n c h a r a c t e r i z e d ,  bu t  which may r e s i d e  a t  the  c e l l u l a r  l e v e l .  He 
s u g g e s t e d  t h a t  " the  ' immunologic p a r a l y s i s '  p o s t u l a t e d  as a consequence 
of  c r y p t o c o c c a l  I n f e c t i o n  I s  p robab ly  r e l e v a n t  only to  p o l y s a c c h a r i d e  
a n t i g e n  ( s o l u b l e  o r  c a p s u l a r )  and as such  has but  l i t t l e  I n f l u e n c e  on 
a c t i v e  Immunity."
The r e l a t i o n s h i p  o f  p o l y s a c c h a r i d e  a n t i g e n s  to  Immunity In 
c r y p t o c o c c o s i s  s t i l l  remains t o  be comple te ly  e l u c i d a t e d .  In g e n e r a l ,  
on ly  minimal an t ibody  r e sponse s  occur  In  an imals  Immunized w i th  a n t i g e n s  
(whether  p a r t i c u l a t e  or  s o l u b l e )  c o n t a i n i n g  a r e l a t i v e l y  h igh  c on ten t  
o f  c a p s u l a r  p o l y s a c c h a r i d e .  There a r e  s e v e r a l  p o s s i b l e  e x p la n a t i o n s  
f o r  t h i s  phenomenon; f i r s t ,  t h e  c a p su le  has been shown to I n h i b i t  
p h a g o c y to s i s  of  c r y p t o c o c c a l  c e l l s ;  s econd ,  the  c a p s u l a r  p o l y s a c c h a r i d e
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may combine w i t h  a n t i b o d y  ij i  v i v o  as  r a p i d l y  as  i t  i s  formed;  t h i r d ,  
t h e  c a p su le  may have a  t o x i c  e f f e c t  on t h e  r e t i c u l o e n d o t h e l i a l  sys tem; 
f i n a l l y ,  the  h o s t  may be i n  a s p e c i f i c  s t a t e  o f  immune t o l e r a n c e .
In g e n e r a l ,  t h e  immunity induced w i th  o t h e r  c r y p t o c o c c a l  f r a c ­
t i o n s  i s  r e l a t i v e l y  weak and v i r t u a l l y  no c h a r a c t e r i z a t i o n  o f  t h e  a n t i ­
gen ic  components has  been a c co m p l i s h e d .  I s o l a t e d  c r y p t o c o c c a l  c e l l  
w a l l s  a r e ,  as  y e t ,  u n s tu d i e d  immunolog ica l ly  and t h e  n a t u r e  and po tency  
of t h i s  a n t i g e n  i n  neoformans i s  r e l a t i v e l y  unknown.
The o b j e c t i v e s  of  t h e  p r e s e n t  r e s e a r c h  were t o :  (1)  i s o l a t e
c e l l  f r a c t i o n s ,  bo th  p a r t i c u l a t e  and s o l u b l e  from ne ofo rm ans , (2 ) 
c h a r a c t e r i z e  t h e s e  f r a c t i o n s  a s  t o  immunogenici ty  and a n t i g e n i c  com­
ponen ts ,  (3) s tu d y  t n e  b i o l o g i c a l  e f f e c t s  o f  c e r t a i n  o f  the  f r a c t i o n s ,  
and (4) d e te r m in e  th e  che m ica l  n a t u r e  of  t h e s e  f r a c t i o n s .
CHAPTER I I  
MATERIALS AND METHODS 
Animals 
R a b b i t s
Male a l b i n o .  New Zealand r a b b i t s  (O ry c to la g u s  c u n i c u l u s ) ,  
weigh ing  a p p ro x im a te ly  7-8 pounds ,  were used f o r  the  p r e p a r a t i o n  o f  
a n t i s e r a .  The an im als  were  o b t a i n e d  from l o c a l  commercial  so u rc e s  and 
were fed a d i e t  o f  commercial  p e l l e t s .  A l l  an im a ls  were caged i n d i v i d ­
u a l l y  and m a in ta in e d  a t  l e a s t  2 weeks in t h e  an imal  q u a r t e r s  b e f o r e  use 
in  o r d e r  to  a c c l i m a t e  them to  t h e  l a b o r a t o r y  environment .
Guinea Pigs
Male a l b i n o ,  g u in ea  p i g s  (Cavia p o r c e l l u s ) ,  we ighing a p p r o x i ­
m ate ly  250-300 grams,  were used i n  t h e  p a s s i v e  cu taneous  a n a p h y la x i s  
t e s t s .  The a n im a ls  were  o b t a i n e d  from l o c a l  commercial  sources  and 
m ain ta ine d  on a d i e t  of commerc ial  p e l l e t s  wh ich  was supplemented 
twice  weekly w i t h  f r e s h  cabbage l e a v e s ,  I h e s e  an im als  were housed 




Organism,  M ain tenance  and C u l t u r a l  Techniques 
Organism
A v i r u l e n t ,  h i g h l y  e n c a p s u l a t e d  human i s o l a t e  o f  neoformans
Type (CIA) was used  th r o u g h o u t  t h e s e  s t u d i e s .  The organisms were
2
m ain ta in e d  by week ly  t r a n s f e r  on Sa bou raud 's  D ex t rose  Agar and i n c u ­
b a t i o n  a t  room t e m p e r a t u r e .
C u l t u r e  Techn iques
The e n c a p s u l a t e d  neoformans c e l l s  used f o r  p r e p a r a t i o n  of
a n t i g e n s  were grown f o r  4 days a t  25 C on Sa bou raud ' s  Dext rose  Agar
2
p l a t e s  c o n t a i n i n g  2 . 0  p e r  c e n t  a ga r  . The use  of 2 .0  p e r  cen t  agar  
r e s u l t e d  in  a f i r m  a g a r  s u r f a c e  which f a c i l i t a t e d  removal  of  t h e  o rgan­
isms from t h e  c u l t u r e  s u r f a c e .
The same s t r a i n  (CIA) was d e c a p s u l a t e d  by growth on a s y n t h e t i c ,  
low pH ( 4 . 5 ) ,  c u l t u r e  medium c o n t a i n i n g  1 .0  p e r  c e n t  d e x t r o s e  and 2 .0
per  c e n t  a g a r  (Bulmer and Sans,  1968) .  A d e s c r i p t i o n  o f  the s y n t h e t i c
c u l t u r e  medium i s  p r e s e n t e d  i n  Tab le  1.
P r e p a r a t i o n  o f  Antigens
F o r m a l in i z e d  Whole C e l l  An tigens  
C ry p to co c c a l  c e l l s ,  e i t h e r  e n c a p s u l a t e d  o r  n o n - e n c a p s u la t e d ,  
were removed from t h e  c u l t u r e  medium w i th  a rubber  s p a t u l a  under
^Courte sy  o f  Dr. Glenn S. Bulmer,  U n i v e r s i t y  o f  Oklahoma Medical 
C e n te r ,  Oklahoma C i t y ,  Oklahoma.
2 Difco  L a b o r a t o r i e s ,  D e t r o i t ,  Michigan.
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TABLE 1
COMPOSITION OF MODIFIED SYNTHETIC CULTURE MEDIUM 
USED TO CULTURE CRYPTOCOCCUS NEOFORMANS 
IN THE NON-ENCAPSULATED STATE
KH2P04 2.0 gm










D i s t i l l e d  Water 1.0 l i t e r
Ad jus t f i n a l  pH t o  4 . 5  b e f o r e  a u t o c l a v i n g
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a s e p t i c  c o n d i t i o n s  and t r e a t e d  w i t h  0 . 6  p e r  cen t  f o r m a l i n .  The c e l l
3
s u s p e n s io n  was s t i r r e d  c o n t i n o u s ly  f o r  48 hours  u s i n g  a magnet ic  s t i r r e r  .
I t  was th en  washed t h r e e  t im es  w i th  s t e r i l e  0 .85  pe r  c e n t  NaCl and
2
t e s t e d  f o r  s t e r i l i t y  u s i n g  T h i o g l y c o l l a t e  Medium w i t h  i n d i c a t o r  and
2
Sa bou raud ' s  L iquid  Medium , The f o r m a l i n i z e d  c e l l s  were  taken  up in  
0 .8 5  p e r  c e n t  NaCl c o n t a i n i n g  0 .3  p e r  c e n t  f o r m a l i n  and the  c e l l  s u s ­
pe ns ion  was a d j u s t e d  t u r b i d i m e t r i c a l l y  to  equa l  a No. 10 McFarland 
nephe lo m ete r  s t a n d a r d  (approx imate ly  11 x 10^ c e l l s / m l  by hemacytometer 
c o u n t ) .  The whole c e l l  a n t i g e n  su spens ions  were t h en  s t o r e d  a t  -20 C 
u n t i l  used f o r  immuniza t ion .
Sonicated  Antigens  
A 50 pe r  c e n t  suspens ion  o f  washed neoformans c e l l s  in  0 .85  
p e r  cen t  NaCl and a  volume o f  g l a s s  beads^  ( s i z e  110)  equa l  t o  the  
volume o f  packed whole c e l l s  were p lac e d  in  a Raytheon Sonic O s c i l l a t o r ^  
(Model DF 101)  f o r  45 m inu tes .  This t r e a t m e n t  r e s u l t e d  in  approx im ate ly  
60 t o  80 p e r  c e n t  b r ea k a g e  o f  the  c e l l s  as  de te rm ine d  by d i r e c t  micro­
s c o p ic  e xa m ina t ion .  The s o n i c a l l y  t r e a t e d  m a t e r i a l  was c e n t r i f u g e d  in  
an I n t e r n a t i o n a l  r e f r i g e r a t e d  c e n t r i f u g e ^  (Model HR-1) f o r  10 minutes  
a t  1 ,100 X g to remove c e l l u l a r  d e b r i s  as  w e l l  a s  i n t a c t  c e l l s  and 
g l a s s  be a ds .  The s u p e r n a t a n t  f l u i d  c o n s t i t u t e d  t h e  s o l u b l e  s o n ic a t e d
3
F i s h e r  S c i e n t i f i c  Company, F a i r l a w n ,  New J e r s e y .
4
Minnesota  Mining and Manufac tu r ing  Company, St .  Paul ,  Minnesota .
5Raytheon M anufac tu r ing  Company, Waltham, M ass a c h u s e t t s .
6
I n t e r n a t i o n a l  Equipment Company, Bos ton ,  M a ssa c huse t t s ,
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a n t i g e n  (SON).
For t h e  purpose  o f  i s o l a t i n g  c e l l  w a l l s  and cy to p la s m ic  
m a t e r i a l ,  a 50 p e r  c en t  whole c e l l  s u s p e n s i o n  was t r e a t e d  a s  d e s c r i b e d  
above ,  however,  t h e  s o lu b l e  s o n i c a t e d  a n t i g e n  was c e n t r i f u g e d  a t  10,000  
X g fo r  30 minutes  i n  a S o r v a l l  supe rspe e d  r e f r i g e r a t e d  c e n t r i f u g e  
(Model RC2-B)^. The sediment  (crude c e l l  w a l l  m a t e r i a l )  was t h en  washed 
10 t im es  w i th  0 .8 5  pe r  cent  NaCl; t h i s  m a t e r i a l  c o n s t i t u t e d  t h e  c e l l  
w a l l  m a t e r i a l  (C.W,),
The s u p e r n a t a n t  m a t e r i a l  from t h e  f i r s t  10,000 x g c e n t r i f u ­
g a t i o n  was used a s  c rude  c y to p la s m ic  m a t e r i a l  (CYT). The a n t i g e n s  
used f o r  p r o d u c t i o n  o f  a n t i s e r a  were a d j u s t e d  a s  t o  p r o t e i n  and c a r b o ­
h y d r a t e  c o n te n t  by th e  Lowry (1951) and e n th r o n e  (1950)  methods,  
r e s p e c t i v e l y .  The a n t i g e n s  were s t o r e d  a t  -20  C u n t i l  used f o r  immuni­
z a t i o n .
The p r e p a r a t i o n  o f  a l l  a n t i g e n s  was c a r r i e d  out  a s e p t i c a l l y .
The s t e r i l i t y  t e s t s  used were the  same a s  t h o s e  d e s c r i b e d  under  t h e  
p r e p a r a t i o n  of  fo rm a l i n i z e d  whole c e l l  a n t i g e n s .  A schem ati c  r e p r e ­
s e n t a t i o n  o f  t h e  s o n i c a t i o n  p r o c e d u r e s  i s  shown i n  F igu re  1.
P r e p a r a t i o n  of  Crude C a psu la r  P o l y s a c c h a r i d e  
Crude c a p s u l a r  p o l y s a c c h a r i d e  m a t e r i a l  was o b t a i n e d  by sub­
j e c t i n g  a 50 p e r  cent  su sp en s io n  of  h i g h l y  e n c a p s u l a t e d  c r y p t o c o c c a l  
c e l l s  t o  t h e  Raytheon Sonic O s c i l l a t o r ^  t r e a tm e n t  f o r  20 min. iThe 
m a t e r i a l  was t h e n  c e n t r i f u g e d  f o r  30 min a t  10,000. x g i n  a S o r v a l l
^Ivan S o r v a l l ,  I n c . ,  Norwalk,  C onne c t ic u t .
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10 ml packed whole c e l l s  
10 gm g l a s s  beads  
20 ml 0.85% NaCl
Sonic o s c i l l a t e  f o r  45 min.
C e n t r i f u g e  a t  1 ,100 x g f o r  10 min.
Supe rna te  #1P e l l e t  #1
Disc a rd
C e n t r i f u g e  a t  10 ,000  x g f o r  30 min.
Supernate  #2P e l l e t  #2
Wash 10 X wi th  
0.85% NaCl




Figu re  1. P r e p a r a t i o n  o f  A n t igens  from Cryptococcus neoformans 
by S o n i c a t io n .
31
r e f r i g e r a t e d  c e n t r i f u g e  (Model RC2-B)^. The s u p e r n a t e  was mixed w i th  
5 volumes o f  c o ld  (4 C) 95 pe r  c e n t  e t h y l  a l c o h o l  and al lowed t o  
s t a n d  o v e r n i g h t  a t  4 C. The p r e c i p i t a t e  was sedimented a t  3 ,300  x g 
f o r  10 min,  r e d i s s o l v e d  in  d i s t i l l e d  w a t e r ,  and r e p r e c i p i t a t e d  2 
more t im es  w i t h  5 volumes of  95 p e r  c e n t  e t h a n o l .  The c rude  c a p s u l a r  
p o l y s a c c h a r i d e  (CAP) was then  d r i e d  in  a vacuum d e s i c c a t o r  ove r  CaClg 
and s t o r e d  a t  4 C u n t i l  r eady  f o r  u se  (F igure  2) .
Phenol  E x t r a c t i o n  Mlethod 
The pheno l  e x t r a c t i o n  p r o ce d u re  i s  shown i n  o u t l i n e  form in 
F ig u re  3. F o r ty  grams (wet w e i g h t )  o f  washed c r y p t o c o c c a l  c e l l s  were 
suspended i n  d i s t i l l e d  w a te r  t o  make a  f i n a l  volume o f  200 ml. An 
e q u a l  volume o f  90 p e r  cen t  pheno l  was added t o  t h e  c e l l  s u s p e n s i o n ,  
making a f i n a l  c o n c e n t r a t i o n  o f  45 p e r  c e n t  pheno l .  The e x t r a c t i o n  
p roce du re  was performed a t  25 C f o r  30 min w i th  c o n t i n o u s  mixing by
3
a magnet ic  s t i r r e r  . The m ix t u r e  was t h en  c e n t r i f u g e d  a t  10,000 x g 
f o r  30 rain i n  a S o r v a l l  s upe rspeed  r e f r i g e r a t e d  c e n t r i f u g e  (Model 
RC2-B)^. The r e s i d u e  was r esuspended  in  200 ml o f  d i s t i l l e d  w a t e r  and 
e x t r a c t e d  w i t h  pheno l  e x a c t l y  as  d e s c r i b e d  fo r  t h e  o r i g i n a l  c e l l  
s u s p e n s i o n .  The p he no l  phases  were  s e p a r a t e d  from t h e  wa te r  phases  by 
c e n t r i f u g a t i o n  f o r  30 min a t  5 ,000  x g and th e  e q u i v a l e n t  phases  were 
combined.
The poo led  phenol  phase  was e x t r a c t e d  w i t h  100 ml volumes of  
anhydrous  e t h y l  e t h e r  u n t i l  t h e  e x t r a c t  was n e g a t i v e  t o  a 10 p e r  cen t  
f e r r i c  c h l o r i d e  t e s t .  The pooled w a t e r  phase  was washed t w ic e  w i t h  200 
ml o f  90 p e r  c e n t  p h e n o l .  The poo led  pheno l  and w a t e r  phases  were bo th
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10 ml packed whole c e l l s  
10 gm g l a s s  beads 
20 ml 0.85% NaCl
Sonic o s c i l l a t e  f o r  20 min.
I
C e n t r i f u g e  a t  10,000 x g f o r  30 min.
P e l l e t  #1 Superna te  #1
1
D iscard Add 5 vo! .. o f  co ld
95% e t h y l  a l c o h o l
I
Stand over  n i g h t  a t  4 C 
C e n t r i f u g e  a t  3 ,3 00  x g f o r  10 min.
P e l l e t  #2
R e d i s s o l v e  i n  d i s t i l l e d  w a te r  
and r e p r e c i p i t a t e  two more 
t im es  w i th  95% e t h y l  a l c o h o l
Dr ied under  vacuum over  CaCl2
CRUDE CAPSULAR POLYSACCHARIDE
Superna te  #2
Discard
F i g u r e  2. P r e p a r a t i o n  o f  Crude Capsular  P o l y s a c c h a r i d e  from 
Cryp tococcus  n e o fo rm ans .
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40 gm washed c e l l s  
200 ml d i s t i l l e d  w a t e r
P e l l e t  #1
200 ml 90% phenol  
25 C - 30 minutes  
C e n t r i f u g e  30 minutes  a t  10,000 x g
Supernate  #1
Resuspend in  d i s t i l l e d  w a t e r  
and r e p e a t  as  above
P e l l e t  #2 Superna te  #2
Discard
Ethy l  e th e r  e x t r a c t i o n  
Dia ly ze  
Lyoph i l i ze
PHENOL PHASE
Comb ine
C e n t r i f u g e  30 min. a t  5 ,0 00  x g
Phenol Phase Water phase
Washed w i th  90% phenol
Dia yze
L y oph i l i z e
WATER PHASE
F ig u re  3. E x t r a c t i o n  o f  Cryptococcus neoformans w i th  45 Pe rcen t  Phenol .
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O
d i a l y z e d  e x t e n s i v e l y  fo r  5 days a g a i n s t  r u n n in g  t ap  w a t e r ,  l y o p h i l i z e d  
and s t o r e d  a t  4 C. These f r a c t i o n s  w i l l  be r e f e r r e d  t o  as  pheno l  phase 
( P . P . )  and w a te r  phase  (W.P. ).
Mannan E x t r a c t i o n  Method 
The mannan e x t r a c t i o n  p roce du re  ( P e a t ,  1961) i s  shown i n  o u t ­
l i n e  form in  F i g u r e  4. The 16.35 gram sample o f  a c e t o n e - d r i e d  c r y p t o ­
c o c c a l  c e l l s  or  z e o l i t e  gho s t s  were s t i r r e d  i n t o  400 ml o f  19 mM c i t r a t e  
b u f f e r  (pH 7 .2 )  u n t i l  a homogenous s u s p e n s i o n  was o b t a i n e d .  The mix­
t u r e  was a u to c l a v e d  a t  140 C fo r  2 h r  and t h e n  c e n t r i f u g e d  a t
40 ,000  X g in  a S o r v a l l  superspeed  r e f r i g e r a t e d  c e n t r i f u g e  (Model RC2- 
B)^ f o r  30 min. Next ,  t h e  sediment  was resuspe nde d  i n  400 ml o f  
c i t r a t e  b u f f e r  and t r e a t e d  e x a c t l y  as  d e s c r i b e d  fo r  t h e  o r i g i n a l  c e l l  
s u s p e n s i o n .  The s u p e r n a t a n t  f l u i d s  (mannan e x t r a c t s )  were combined, 
a d j u s t e d  t o  IN w i t h  a c e t i c  a c i d ,  c e n t r i f u g e d  a t  10,000 x g f o r  20 
min to  remove a brown g e l a t i n o u s  p r e c i p i t a t e ,  and th en  n e u t r a l i z e d  
w i t h  6 N NaOH. The p o ly s a c c h a r i d e  was p r e c i p i t a t e d  from t h e  n e u t r a l i z e d  
s o l u t i o n  by a d d i t i o n  o f  a b s o l u t e  e t h y l  a l c o h o l  t o  a f i n a l  c o n c e n t r a t i o n  
o f  60 pe r  c e n t .  The p r e c i p i t a t e  was washed 3 t im es  w i t h  100 ml 
volumes o f  60 p e r  cen t  e t h a n o l ,  d i s s o l v e d  i n  500 ml d i s t i l l e d  w a t e r ,  
and made a l k a l i n e  w i th  1 N NaOH. F e h l i n g ' s  s o l u t i o n ,  made by mixing 
e q u a l  volumes o f  a CuSO^ s o l u t i o n  (34-65 g rams/500 ml)  and a sodium 
p o t a s s i u m  t a r t r a t e  s o l u t i o n  (125.0 grams KOH and 173 .0  grams sodium 
t a r t r a t e / 5 0 0  m l ) ,  was then  added u n t i l  the  s u p e r n a t e  above t h e  p r e c i p -
g
V i r t i s  U n i t r a p ,  V i r t i s  Research Equipment,  G a r d in e r ,  New York.
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16.35 gm a c e t o n e  d r i e d  c e l l s  
400 ml c i t r a t e  b u f f e r
A u toc lave  2 h r s .
I
C e n t r i f u g e  40 ,000  x g f o r  30 minu tes
P e l l e t  #1 Su pe rna te  #1
Resuspend in  b u f f e r  and 
r e p e a t  as  above
P e l l e t  #2 Supe rna te  #2
Discard
Combine
P e l l e t  #3
1 N a c e t i c  a c id  
C e n t r i f u g e  10 ,000 x g fo r  20 m in u tes  
I  Superna te  #3
Discard
P e l l e t  #4
Washed 3 X 
D i s s o lv e  i n  50 ml d i s t i l l e d  
w a te r  and made a l k a l i n e
I
F e h l i n g ' s  s o l u t i o n  
P e l l e t  #5
Wash 4 X
I
D is s o lv e  in  500 ml d i s t i l l e d  w a t e r
R e p r e c i p i t a t e
D ia ly z e
L y o p h i l i z e
MANNAN EXTRACT
N e u t r a l i z e
I
60% e th a n o l
Supe rna te  #4
D is c a r d
Superna te  #5
Disca rd
F ig u re  4. E x t r a c t i o n  of  Cryp tococcus  neoformans by t h e  Mannan 
E x t r a c t i o n  Method o f  P e a t .
36
i t a t e d ,  g r e y - b l u e  p o l y s a c c h a r i d e - c o p p e r  complex was deep b l u e  ( approx­
i m a t e l y  50 ml) arid no f u r t h e r  p r e c i p i t i n  o c c u r r e d .  The p o l y s a c ­
c h a r i d e - c o p p e r  complex was c o l l e c t e d  by c e n t r i f u g a t i o n  a t  5 ,000  x g fo r  
10 min and washed 4 t im e s  w i t h  warm (40 C) d i s t i l l e d  w a t e r .  The 
complex was d i s s o l v e d  i n  500 ml d i s t i l l e d  w a t e r  by add ing  c o n c e n t r a t e d  
HCl s low ly  w i t h  c o n t i n o u s  s t i r r i n g  u n t i l  t h e  r e s u l t a n t  s o l u t i o n  was 
s l i g h t l y  a c id  (pH 6 . 5 ) .  The p o l y s a c c h a r i d e  was p r e c i p i t a t e d  by 60 pe r  
c e n t  e t h a n o l ,  washed 3 t im es  w i t h  60 p e r  c e n t  e t h a n o l ,  d i a l y z e d  
a g a i n s t  d i s t i l l e d  w a t e r  fo r  72 h r  a t  4 C, l y o p h i l i z e d ® ,  and s t o r e d  a t  
4 C. By t h i s  method 2 .5 6  grams (dry w e i g h t )  o f  mannan (MAN) was 
r e c o v e r e d ,  wi th a p e r c e n ta g e  y i e l d  o f  15 .67 .
Braun Homogenate
The Braun c e l l  homogenate was p r e p a r e d  i n  a Braun c e l l  homo- 
0
g e n i z e r  (Model MSK 2876)  by su p e rsp e e d  o s c i l l a t i o n ,  f o r  5 min, of  
a v i a l  c o n ta i n in g  5 gm (wet w e i g h t )  o f  c r y p t o c o c c a l  c e l l s  i n  20 ml 
b a r b i t a l  b u f f e r ,  pH 8 . 4 ,  I .  S. 0 . 1 5 ,  and 50 grams o f  g l a s s  beads  
( s i z e  0 . 4 5 - 0 . 5 0  mm, k a t ,  n r .  54170)^.  C oo l ing  was accom pli shed  w i th  
l i q u i d  carbon  d i o x i d e .  The c e l l  homogenate was then  c e n t r i f u g e d  i n  a 
S o r v a l l  superspeed  r e f r i g e r a t e d  c e n t r i f u g e  (Model RC2-B)^ f o r  30 min 
a t  10,000 X g. The s u p e r n a t e  was d e c a n t e d  and s t o r e d  a t  -20  C u n t i l  
r eady  f o r  use.  Thi s  m a t e r i a l  c o n s t i t u t e d  t h e  Braun c e l l  homogenate 
(B.H. ) .
g
Bronwil l  S c i e n t i f i c ,  R o c h e s t e r ,  New York.
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Z e o l i t e  E x t r a c t i o n  Method 
Z ippe r  and Person  (1966) d e s c r i b e d  a method f o r  t h e  r a p i d  
d i s r u p t i o n  o f  i n t a c t  c e l l s  o f  Candida a lb i c a n s  and Saccharomyces c e r e - 
v i s e a e  u s i n g  s y n t h e t i c  z e o l i t e ,  a  h y d r a t e d  a lk a l i - a lu m in u m  s i l i c a t e  
(E^20 ' A l 20g " ( S i 02) ^ ‘H20^)  c a p a b l e  of  exchanging sodium f o r  ca lc ium  and 
magnesium. They o b t a i n e d  90 pe r  c en t  o r  g r e a t e r  b r e a k a g e  o f  y e a s t  c e l l s ,  
w i t h  a r e c o v e r y  o f  20 t o  25 p e r  cen t  o f  t h é  t o t a l  s o l u b i l i z e d  c e l l  
p r o t e i n  ( b i u r e t ) .
A s chem at ic  r e p r e s e n t a t i o n  o f  the  modif ied  z e o l i t e  p r o c e d u r e  
used i n  t h e  p r e s e n t  s t u d i e s  f o r  the  i s o l a t i o n  o f  s o l u b l e  and " c e l l  
g h o s t "  f r a c t i o n s  from neoformans i s  shown i n  F i g u r e  5. To 5 gm (wet 
w e i g h t )  o f  f r e s h l y  h a r v e s t e d  c e l l s  ( i n  a c h i l l e d  m o r t a r  s e t  i n  c ru s h e d  
i c e )  was added a t o t a l  o f  10 gm o f  d r y  z e o l i t e ^ ^ .  The z e o l i t e  was 
added i n  sm a l l  p o r t i o n s  and i n c o r p o r a t e d  by h a n d - p e s t l e  g r i n d i n g  which 
was c o n t in u e d  fo r  a n  a d d i t i o n a l  10 min.  The m ix t u re  was then  added ,  
w i t h  r a p i d  s t i r r i n g ,  t o  30 ml o f  i c e  co ld  d i s t i l l e d  w a t e r  and a l l ow ed  
t o  s t a n d  f o r  5 min.  This t r e a tm e n t  r e s u l t e d  i n  a s u p e r n a t a n t  
s u s p e n s i o n ,  presumably o f  b roken  c e l l s  and a p e l l e t  o f  z e o l i t e  p a r ­
t i c l e s .  On m ic r o s c o p ic  exa m in a t io n ,  t h e  s u p e r n a t a n t  s u s p e n s io n  was 
found t o  c o n t a i n  a  m ix tu re  o f  small  z e o l i t e  p a r t i c l e s  and empty y e a s t  
c e l l s  which  had t h e  a p p e a ra n ce  o f  r ed  c e l l  g h o s t s .
The t e c h n i q u e  f o r  s e p a r a t i n g  t h e  c e l l  g h o s t s  from z e o l i t e  
p a r t i c l e s  c o n s i s t e d  of  su spend ing  t h e  mix ture  in  1 .0  M s u c r o s e ,  shak ing
^^C our te sy  o f  C u l l i g a n  Water C o n d i t io n in g  Company, Oklahoma 
C i ty ,  Oklahoma.
5 . 0  gm f r e s h l y  i s o l a t e d  c e l l s  
______ 1 0 . 0  gm d r y  z e o l i t e _____
Grind  10 min
P e l l e t  #1 S u p e r n a t e  #1
Resuspend i n  d i s t i l l e d  w a t e r  
and r e p e a t  a s  above
P e l l e t  #2
C e n t r i f u g e  30 min a t  350 x g 
 ___________ I S u p e r n a t e  #2
Resuspend  i n  1 . 0  s u c r o s e
P e l l e t  #3
Combine w i t h  s u p e r n a t e  #4 
S u p e r n a t e  #3
D i s c a r d  
P e l l e t  #4
D i l u t e d  s u c r o s e  t o  0 . 2 5  M c o n c e n t r a t i o n  
S u p e r n a t e  #4
1 . 0  M s u c r o s e
S u p e r n a t e  #5
Combine w i t h  s u p e r n a t e  #2
P e l l e t  #5
D i s c a r d Wash 15 X
CELL GHOSTS ZEOLITE SOLUBLE EXTRACT 1
w
00
F i g u r e  5. E x t r a c t i o n  o f  C r y p t o c o c c u s  neo fo rm ans  by t h e  u s e  o f  s y n t h e t i c  z e o l i t e .
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t he  su sp en s io n  w i t h  an Eberbach shaker^^ f o r  15 min a t  4 C, and 
c e n t r i f u g i n g  i t  a t  150 x g f o r  15 min i n  an I n t e r n a t i o n a l  r e f r i g e r a t e d  
c e n t r i f u g e  (Model PR-1)^.  Superna te  number 3 was d i l u t e d  w i th  
d i s t i l l e d  w a t e r  to  a f i n a l  s u c ro s e  c o n c e n t r a t i o n  o f  0 .25 M, shaken  fo r  
15 min, and c e n t r i f u g e d ^  f o r  25 min a t  150 x g. Superna tes  number 
2 and 4 were combined and d i a l y z e d  fo r  72 h r  a t  4 C a g a i n s t  3 changes 
o f  tap w a t e r .  The d i a l y s a t e  was then c o n c e n t r a t e d  a g a i n s t  Carbowax 
4000^^ d i l u t e d  t o  40 X c o n c e n t r a t i o n  w i th  b a r b i t a l  b u f f e r ,  pH 8 .4 ,
1,8,  0 , 1 5 ,  d i v id e d  i n t o  5 .0  ml p o r t i o n s ,  and s t o r e d  a t  -20 C. This 
c o n s t i t u t e d  the  z e o l i t e  s o l u b l e  e x t r a c t  (ZS).
The i s o l a t e d  c e l l  g h o s t s  in p e l l e t  number 5 were washed 15 
t im e s ,  a l t e r n a t i n g  between 1 l i t e r  volumes o f  d i s t i l l e d  w a t e r  and 0 .25 
M s u c rose ,  They were  th en  washed 3 t imes  w i t h  1 l i t e r  volumes of 
d i s t i l l e d  w a t e r  and s t o r e d  a t  -20 C. This  m a t e r i a l  c o n s t i t u t e d  the  
z e o l i t e  " c e l l  g h o s t "  f r a c t i o n  (ZG).
C u l t u re  F i l t r a t e  
A c u l t u r e  f i l t r a t e  was prepared  by growing neoformans (CIA) 
in  a b a s i c  s a l t s  medium (BSM), pH 7 .0 ,  d e s c r i b e d  in  Table  2, The b a s i c  
s a l t s  medium was made up in  500 ml volumes i n  1 l i t e r  e r l enmeyer  f l a s k s  
which were i n o c u l a t e d  w i t h  5 , 0  ml of  a 48 h r  BSM s to c k  c u l t u r e .  The 
c u l t u r e s  were incuba ted  a t  25 C for  10 weeks w i t h  d a i l y  a g i t a t i o n .
The f i l t r a t e s  were h a rves ted  by c e n t r i f u g i n g  t h e  c u l t u r e s  in
^^Eberbach C o r p o r a t i o n ,  Ann Arbor ,  Mich igan ,
^^Union Carbide  Chemicals  Company, 270 Park Ave. N .Y , , N.Y.
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TABLE 2
COMPOSITION OF THE BASIC SALTS LIQUID MEDIUM USED 
FOR THE PREPARATION OF CULTURE FILTRATES
KHgPO^ 0 .8 gm
KgHPO^ 2 ,2 gm
(NH4 ) 2S0^ 2 .0 gm
MgSO -THgO 0.125 gm
NaCl 0,01 gm





Glutamic Acid 1 ,0 gm
Glucose 10 ,0 gm
D i s t i l l e d  Water 1 ,0 l i t e r
A d jus t  f i n a l  pH to  7 .0  b e f o r e  a u t o c l a v i n g
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a S o r v a l l  r e f r i g e r a t e d  c e n t r i f u g e  (RC2-B)^ a t  10 ,000  x g fo r  30 min.
The s u p e r n a t e s  were t h e n  p o o led ,  f i l t e r e d  t h ro u g h  an u l t r a - f i n e  s i n t e r e d  
13
g l a s s  f i l t e r  , and d i a l y z e d  a g a i n s t  4 changes  o f  d i s t i l l e d  w a t e r  f o r  4 
days  a t  4 C. The f i l t r a t e  was c o n c e n t r a t e d  10 X by d i a l y s i s  a g a i n s t  
d r y  p o l y v i n y l p y r r o l i d o n e ^ ^  (PVP) a t  4 C and t h e n  s t o r e d  a t  -20 C i n  10 
ml p o r t i o n s .  This  m a t e r i a l  c o n s t i t u t e d  t h e  c r y p t o c o c c a l  c u l t u r e  f i l ­
t r a t e  (C .F . ) ,
P r e p a r a t i o n  o f  Typhoid "H" A n t igen  
Salmonel la  t y p h o s a . s t r a i n  number 2 -763 ,  o b t a i n e d  from the  
s t o c k  c u l t u r e  c o l l e c t i o n .  Department  o f  M ic r o b io l o g y ,  U n i v e r s i t y  of  
Oklahoma Medical  Cen te r ,  Oklahoma C i ty ,  was used  f o r  the  p r e p a r a t i o n  
o f  t y p h o id  "H" a n t i g e n .
O
A 1 l i t e r  f l a s k  c o n t a i n i n g  500 ml o f  D i fco  t r y p t i c  soy b r o t h  
was i n o c u l a t e d  wi th  1 ,0  ml o f  a c u l t u r e  o f  a c t i v e l y  m o t i l e  organ isms 
and i n cu b a ted  a t  37 C f o r  18 h r .  An equa l  volume o f  0 . 6  per  c e n t  
f o r m a l i n  c o n ta i n in g  0 ,85  pe r  c e n t  NaCl was t h e n  added.  A f t e r  i n c u b a t i o n  
a t  25 C f o r  48 hr t h e  b a c t e r i a  were removed by c e n t r i f u g a t i o n  i n  an 
I n t e r n a t i o n a l  r e f r i g e r a t e d  c e n t r i f u g e  (Model PR-1)^ f o r  30 min a t  
1400 X g. The b a c t e r i a l  c e l l s  were washed 3 t im es  w i t h  100 ml volumes 
o f  0 . 3  pe r  c e n t  fo rm a l in  c o n t a i n i n g  0 .85  p e r  c e n t  NaCl, resuspended  in  
t h e  f o r m a l i n i z e d  s a l i n e ,  a d j u s t e d  t o  match a number 4 McFarland n e phe lo -  
m ete r  s t a n d a r d ,  and s t o r e d  a t  -20  C u n t i l  u s e d .
13 Corning Glass  Works, Corning ,  New York,
14General  A n i l i n e  and Fi lm C o r p o r a t i o n ,  C a l v e r t  C i t y ,  Kentucky,
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Bovine Serum Albumin Antigen  
In c e r t a i n  o f  t h e  e x p e r im e n t s ,  a 1 . 0  per  c e n t  bov ine  serum a lb u -  
min^^ (BSA) s o l u t i o n  i n  0 . 8 5  pe r  c e n t  NaCl was used f o r  immunizat ion.
Immuniza t ion  P rocedures
Immuniza t ion by t h e  I n t r a venous  Route 
The p a r t i c u l a t e  a n t i g e n s  used  fo r  t h e  p r o d u c t i o n  of  a n t i s e r a  
in  r a b b i t s  c o n s i s t e d  o f  f o r m a l i n i z e d  whole c e l l s  w i t h  and w i th o u t  cap­
s u l e ,  c e l l  w a l l s ,  and t h e  " z e o l i t e  g h o s t s " .  The s u s p e n s i o n s  were 
a d j u s t e d  t u b i d i m e t r i c a l l y  t o  equa l  a number 10 McFarland s t a n d a r d .  The 
s o l u b l e  a n t i g e n s ,  s o n i c a t e  w i t h  and w i th o u t  c apsu le  and cy top la sm ic  
m a t e r i a l ,  were a d j u s t e d  t o  c o n t a i n  a pp rox im ate ly  1 .1 6  t o  1 .2 6  mg p r o t e i n  
and 0 .6  t o  1 .0  mg c a r b o h y d r a t e .  Another  s e r i e s  of r a b b i t s  was immunized 
w i th  t h e  whole n o n e n c a p s u l a t e d  c e l l s  suspended in  a s o l u t i o n  of  360 ug 
o f  crude c a p s u l a r  p o l y s a c c h a r i d e  p e r  ml and w i th  t h e  same c o n c e n t r a t i o n  
(360 ug /ml)  of  c rude c a p s u l a r  p o l y s a c c h a r i d e  a n t i g e n  a lo n e .
Each r a b b i t  r e c e i v e d  3 ml of  the  a p p r o p r i a t e  a n t i g e n  i n t r a ­
venous ly  pe r  day f o r  5 d a y s ,  fo l lowed by a 10 day r e s t  p e r i o d .  This 
c o n s t i t u t e d  1 s e r i e s  o f  i n j e c t i o n s .  Each r a b b i t  r e c e i v e d  5 such s e r i e s .  
T r i a l  b l e e d i n g s  were made by c a r d i a c  p u n c tu r e  5 days a f t e r  t h e  l a s t  
i n j e c t i o n  o f  a n t i g e n  d u r i n g  each s e r i e s  and a t  the  end of  t h e  f i n a l  
s e r i e s .
In  o r d e r  t o  e v a l u a t e  the  r i s e  and d e c l i n e  of  t h e  an t ibody  
t i t e r  t h e  immuniza t ion and b l e e d i n g  s c h ed u le s  were m od if ied  as  f o l l o w s :
15Mann Research L a b o r a t o r i e s ,  I n c . ,  New York,  New York.
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r a b b i t s  were immunized by 1 s e r i e s  o f  i n j e c t i o n s  and th en  blood samples  
were drawn e v e ry  o t h e r  day f o r  15 days .  Each r a b b i t  r e c e iv e d  2 such 
s e r i e s .
To s t u d y  t h e  e f f e c t  o f  c r y p t o c o c c a l  c a p s u l a r  p o l y s a c c h a r i d e  on 
t h e  immune r e s p o n s e  t o  t y p h o id  "H" v a c c i n e  and to  bovine  serum a lbumin 
(BSA) t h e  f o l l o w i n g  immuniza t ion  s chedu le  was used.  C on t ro l  r a b b i t s  
r e c e iv e d  0 .5  ml t y p h o id  "H" a n t i g e n  i n t r a v e n o u s l y  on day 1 o f  t h e  
immuniza t ion s c h e d u l e ,  1 . 0  ml on day 4,  2 . 0  ml on day 8 , and 3 .0  ml on 
day 12. In t h e  e x p e r i m e n t a l  r a b b i t s ,  6 .25 mg c a p s u l a r  p o l y s a c c h a r i d e  
was a d m i n i s t e r e d  w i t h  each "H" a n t i g e n  i n j e c t i o n ,  fo r  a t o t a l  o f  25 mg. 
Another group of  r a b b i t s  r e c e i v e d  a s i n g l e  i n j e c t i o n  o f  5 .0  mg c a p s u l a r  
p o l y s a c c h a r i d e  on day 1 o f  t h e  immunizat ion  schedu le .  They t h e n  r e c e i v e d  
t h e  "H" a n t i g e n  as  d e s c r i b e d  above.  A l l  b l e e d i n g s  were made by c a r d i a c  
p u n c t u r e ,  6 days  f o l l o w i n g  t h e  l a s t  i n j e c t i o n  of  a n t i g e n .
C o n t r o l  r a b b i t s  r e c e i v i n g  BSA were g iven  2 .0  o f  a 1 . 0  p e r  cen t  
BSA s o l u t i o n  i n  0 .8 5  pe r  cen t  NaCl i n t r a v e n o u s l y  every o t h e r  day f o r  
a t o t a l  o f  9 i n j e c t i o n s .  In  t h e  e x p e r im e n ta l  group,  each r a b b i t  
r e c e i v e d  2 .78  mg c a p s u l a r  p o l y s a c c h a r i d e  w i t h  each i n j e c t i o n  of  BSA f o r  
a t o t a l  o f  25 mg c a p s u l a r  p o l y s a c c h a r i d e .  A l l  t r i a l  b l e e d i n g s  were made 
6 days f o l l o w i n g  t h e  l a s t  i n j e c t i o n  o f  a n t i g e n .
Immuniza t ion by t h e  Subcutaneous and Toe Pad Routes
R a bb i t s  were  i n j e c t e d ,  by t h e  subcu taneous  r o u t e ,  w i t h  forma­
l i n i z e d  whole c e l l s  suspended i n  1 .0  ml 0 .8 5  pe r  cen t  NaCl and 1 .0  ml
2
F r e u n d ' s  comple te  a d j u v a n t  . The m ix tu re  was homogenized i n  a S o r v a l l  
Omni-Mixer^ f o r  3 m in u te s .  Each r a b b i t  r e c e iv e d  1 .0  ml of  t h e  whole
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c e l l - a d j u v a n t  m i x t u r e  (ap prox imate ly  1 .1  x 10^ c e l l s ) ,  g iv en  as  4 su b ­
cu taneous  i n j e c t i o n s  i n  t h e  f l a n k .  T r i a l  b l e e d i n g s  were made by c a r d i a c  
punc tu re  a f t e r  2 weeks and were  fol lowed by a b o o s t e r  i n j e c t i o n  o f  1.1
g
X 10 c e l l s  as  d e s c r i b e d  above .  P o s t - b o o s t e r  t r i a l  b l e e d i n g s  were made 
a f t e r  2, 4,  and 6 weeks.
A second group o f  r a b b i t s  rece ived  t h e  same s e r i e s  o f  i n j e c t i o n s ,  
exc ep t  t h a t  t h e  F r e u n d ' s  comple te  ad ju v a n t  was o m i t t e d .  The t r i a l  
b l e e d i n g  s c h e d u l e  was the  same as  des c r ib ed  above.
C e l l  w a l l  a n t i g e n  i n  F re und ' s  complete a d j u v a n t  was p rep a re d  
in  t h e  f o l l o w i n g  manner . To 2 . 0  ml o f  0.85 pe r  c e n t  NaCl were added
8 .0  mg o f  c e l l  w a l l  and 2 . 0  ml o f  F reund ' s  comple te  a d j u v a n t .  The 
m ix tu re  was homogenized in  a S o r v a l l  Omni-Mixer^ f o r  3 min.  I n i ­
t i a l l y ,  each r a b b i t  r e c e i v e d  a t o t a l  o f  2.0  mg o f  c e l l  w a l l  g iv en  as  2 
subcu taneous  i n j e c t i o n s  o f  0 . 4  ml each i n  the  f l a n k  and 2 i n j e c t i o n s  
of 0 .1  ml each  i n t o  t h e  t o e  pads .  T r i a l  b l e e d ings  were made by c a r d i a c  
punc tu re  a f t e r  2 weeks.  A b o o s t e r  i n j e c t i o n  of  2 . 0  mg c e l l  w a l l  was 
then  g iven  as  d e s c r i b e d  above .  P o s t - b o o s t e r  t r i a l  b l e e d i n g s  were made 
a f t e r  2, 4, and 6 weeks.
Crude c a p s u l a r  p o l y s a c c h a r i d e  a n t i g e n  i n  F r e u n d ' s  comple te
ad juvan t  was p r e p a r e d  in t h e  f o l low ing  manner. To 0 .5  ml o f  a s to c k
p o l y s a c c h a r i d e  s o l u t i o n  (1 mg/ml) were added 0 .5  ml 0 .85  per  cen t  NaCl
and 1 .0  ml F r e u n d ' s  comple te  a d ju v a n t .  The m ix t u r e  was homogenized
in  a S o r v a l l  Omni-Mixer f o r  3 minu tes .  Each r a b b i t  r e c e i v e d  2 t o e  pad
i n j e c t i o n s  and 2 subcu taneous  i n j e c t i o n s  in t h e  f l a n k  c o n s i s t i n g  o f  0 .1
ml each.  By t h i s  method,  e ach  r a b b i t  r e c e i v e d ,  on i n i t i a l  i n j e c t i o n ,  
a t o t a l  o f  100 ug c a p s u l a r  p o l y s a c c h a r i d e .  T r i a l  b l e e d i n g s  and b o o s t e r
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i n j e c t i o n s  were c a r r i e d  ou t  a c c o r d i n g  t o  t h e  sc h e d u le  d e s c r i b e d  above 
f o r  t h e  c e l l  w a l l  a n t i g e n .
In a n o th e r  a n t i g e n - a d j u v a n t  s tu d y ,  r a b b i t s  r e c e i v e d ,  by toe  
pad i n j e c t i o n ,  one of  t h e  f o l l o w i n g  q u a n t i t i e s  o f  c rude  c a p s u l a r  p o l y ­
s a c c h a r i d e  g iv en  a s  a s i n g l e  d o s e ;  0 . 3 6 ,  3 . 6 ,  36, or  360 ug. The 
a n t i g e n - a d j u v a n t  (F reund 's  c om p le te )  m ix tu re  was made by a p p r o p r i a t e  
d i l u t i o n  o f  a s to c k  p o l y s a c c h a r i d e  s o l u t i o n  ( 3 .6  mg/ml) and was homo­
g e n iz e d  i n  a S o r v a l l  Omni-Mixer f o r  3 min .  Each r a b b i t  r e c e iv e d  
2 i n j e c t i o n s  o f  0 . 1  ml each i n t o  each  o f  2> to e  pads.  T r i a l  b l e e d i n g s  
were made by c a r d i a c  pu n c tu re  a t  week ly  i n t e r v a l s  f o r  4 weeks and then  
a f i n a l  b l e e d i n g  was made a f t e r  8 weeks.
Immunization by th e  I n t r a p e r i t o n e a l  Route
a
Each r a b b i t  was i n j e c t e d  i n t r a p e r i t o n e a l l y  w i th  7 x 10 
f o r m a l i n i z e d  whole c e l l s  suspended in  5 . 0  ml 0 .8 5  pe r  c e n t  NaCl. T r i a l  
b l e e d i n g s  were made a t  weekly i n t e r v a l s  f o r  2 weeks.  Th is  con­
s t i t u t e d  1 s e r i e s ;  each r a b b i t  r e c e i v e d  3 such s e r i e s .
C o l l e c t i o n  and S to ra ge  o f  Serum Samples
A l l  blood samples were o b t a i n e d  by c a r d i a c  p u nc tu re  a c c o r d in g  
a c c o r d i n g  to  t h e  method d e s c r i b e d  by Campbel l ,  e t  a l . , (1964) . The 
b lo o d  samples  were al lowed t o  c l o t  a t  25 C f o r  2 h r  and they  were 
t h e n  s t o r e d  o v e rn i g h t  a t  4 C f o r  c om p le te  c l o t  r e t r a c t i o n .  Serum 
samples  were  s e p a r a t e d  from t h e  c l o t s  by c e n t r i f u g a t i o n  a t  4 C and th ey  
were  s t o r e d  a t  -20 C u n t i l  r eady  f o r  u s e .
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Antibody  A d s o r p t io n  Procedures
A b s o rb t ion  o f  A n t i s e r a  w i t h  Whole C r y p to c o c c a l  C e l l s  
A n t i s e r a  t o  c r y p t o c o c c a l  whole c e l l s  and c e l l  f r a c t i o n s  were 
ana ly zed  by adso rbüon  t e c h n i q u e s .  Form a l in ized  whole c e l l s  t o  be used 
f o r  a d s o r b t i o n  were f i r s t  suspended  i n  0 .85 p e r  c e n t  NaCl and incuba ted  
a t  37 C fo r  2 h r .  The s u s p e n s i o n  was then  in c u b a t e d  a t  4 C fo r  18 h r ,  
c e n t r i f u g e d  a t  10,000 x g f o r  30 minutes  in a S o r v a l l ^  supe rspeed  
r e f r i g e r a t e d  c e n t r i f u g e  (Model RC2-B), and th e  s u p e r n a t e  was de c an te d .
The c e l l s  were then  washed 3 t im es  w i t h  0 .85  pe r  c e n t  NaCl. An ti serum 
was added t o  t h e  packed c e l l s  t o  make a 20 pe r  c e n t  c e l l  su s p e n s io n .
The a n t i s e rum -w hole  c e l l  m ix t u r e  was incuba ted  f o r  2 h r  a t  37 C and 
th en  f o r  18 h r  a t  4 C, The a g g l u t i n a t e d  c e l l s  were removed from the  
m ix t u re  by c e n t r i f u g a t i o n ,  a s  d e s c r i b e d  above. Th is  p ro c e d u r e  was 
r e p e a t e d  3 t imes  t o  a s s u r e  comple te  removal of  a g g l u t i n i n s .  A f t e r  
a d s o r b t i o n ,  each a n t i s e r u m  was a s sa y e d  fo r  a g g l u t i n a t i n g  a c t i v i t y  by 
t h e  tube a g g l u t i n a t i o n  t e c h n i q u e .
A d s o r b t io n  o f  A n t i s e r a  w i th  Mannan 
The o p t im a l  p r o p o r t i o n  o f  a n t i b o d y - a n t i g e n  f o r  each  a n t i s e r u m  
was de te rmined  by the  b l o c k  t i t r a t i o n  method (Campbel l ,  e t  a l . , 1964) . 
Each a n t i s e r u m  was th en  abso rbed  w i t h  i t s  a p p r o p r i a t e  a n t i g e n  concen­
t r a t i o n ,  The a n t i b o d y - a n t i g e n  m ix tu re  was i n c u b a t e d  f o r  2 h r  a t  37 C 
and then  f o r  18 h r  a t  4 C, The p r e c i p i t a t e  was removed by c e n t r i f u g a t i o n  
a t  10,000 X g fo r  30 min a t  4 C. Thi s  p roce du re  was r e p e a t e d  u n t i l  no 
more p r e c i p i t a t e  was formed and th e  s u p e r n a t a n t  f l u i d  was n e g a t i v e  fo r  
a n t i b o d y  by th e  r i n g  p r e c i p i t i n  t e s t .
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S e r o l o g i c a l  Tes ts
Tube A g g l u t i n a t i o n  Test  
A g g l u t i n a t i n g  a n t i b o d y  t i t e r s  were ob t a in e d  by u s ing  a s t a n d a r d  
a g g l u t i n a t i o n  p ro ce d u re .  Each t e s t  was performed by p l a c i n g  0 .5  ml 
of  0 .85  p e r  c e n t  NaCl i n t o  each of  10 s e r o l o g i c a l  t e s t  tu b es  and t h e n  
add in g  0 .5  ml of  a n t i s e r u m  t o  t h e  f i r s t  tube .  The 2 f o l d  s e r i a l  d i l u ­
t i o n s  o f  a n t i s e r u m  were made b e g i n n i n g  w i th  t r a n s f e r  o f  0 . 5  ml o f  t h e  
N a C l - a n t i s e r u m  m ix tu re  f rom t u b e  number 1 t o  tube  number 2, e t c .  A f t e r  
each  t r a n s f e r  t h e  c o n t e n t s  of  t h e  t u b e s  were mixed t h o ro u g h ly  by drawing 
t h e  m ix tu re  up and down a t  l e a s t  5 t im es  w i t h  1 .0  ml s e r o l o g i c a l  p i p e t t e .  
The s e r i a l  p ro c e d u r e  was c o n t i n u e d  through tube  number 9,  and t h e  l a s t  
0 . 5  ml was d i s c a r d e d  from th e  p i p e t t e .  The l a s t  tu b e  was r e t a i n e d  as  
t h e  a n t i g e n - s a l i n e  c o n t r o l  t u b e .  A 0 .5  ml sample of  a s u s p e n s io n  o f  
f o r m a l i n i z e d  whole c e l l s ,  a d j u s t e d  to  match a number 2 McFarland nephe lo -  
m ete r  s t a n d a r d ,  was added to  e ach  o f  t h e  10 t u b e s .  Tubes were i n c u ­
b a t e d  fo r  2 h r  a t  37 C and t h e n  f o r  24 h r  a t  4 C. The h i g h e s t  d i l u t i o n  
of  serum c a u s i n g  a g g l u t i n a t i o n  o f  c r y p t o c o c c a l  c e l l s  was d e f in e d  as  the 
t u b e  a g g l u t i n a t i n g  a n t i b o d y  t i t e r  (TAA).
Ring P r e c i p i t a t i o n  Test  
The r i n g  p r e c i p i t a t i o n  t e s t  was performed a c c o r d in g  t o  t h e  
method of Campbell ,  e t  a l . , (1964) .  With a P a s t e u r  p i p e t t e ,  a n t i s e r u m  
was I n t ro d u c ed  i n t o  the  bo t tom  o f  t h e  6 x 50 mm t u b e s .  The a n t i g e n  
s o l u t i o n  was t h e n  l a y e r e d  c a r e f u l l y  ove r  the  a n t i s e r u m  t o  form an i n t e r ­
f a c e .  The tu b es  were a l l ow ed  t o  s t a n d  fo r  30 min a t  25 C, a t  which 
t im e  f i n a l  r e a d i n g s  were r e c o r d e d .  R eac t ions  were obse rved  by h o ld in g
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t h e  tubes  i n  f r o n t  o f  a l i g h t ,  a g a i n s t  a b l a c k  background.
Immunodif fusion
Immunodif fusion methods s i m i l a r  to  th o se  of Ouchte r lony  (1949) 
were used,  A 1.0 p e r  c e n t  s o l u t i o n  of  h i g h l y  p u r i f i e d  a g a r  ( lonagar  
No. 2, Oxoid)^^ was p r e p a r e d  b a r b i t a l  b u f f e r ,  pH 7 .4 ,  I . S .  0 .1 5 ,  con­
t a i n i n g  0 .0 1  pe r  c e n t  m e r t h i o l a t e  as  a p r e s e r v a t i v e .  The s o l u t i o n  was 
h e a te d  on a P y ro -M agnes t i r^^  h o t  p l a t e  u n t i l  t he  agar  was comple te ly  
d i s s o l v e d .  The h o t  a g a r  was p i p e t t e d  i n  15 ml q u a n t i t i e s  i n t o  s t e r i l e ,
s t a n d a r d  s i z e  (13 x 100 mm), d i s p o s a b l e ,  p l a s t i c  P e t r i  d i s h e s .  The
p l a t e s  were  al lowed t o  s t a n d  o v e r n i g h t  a t  25 C w i th  t h e i r  l i d s  a g a r .
For f u r t h e r  d r y i n g ,  t h e  p l a t e s  were i n v e r t e d  and al lowed t o  s ta nd  f o r  
24 hours  w i t h  the c o v e rs  in  p l a c e  b e f o r e  b e in g  s to r e d  a t  4 C i n  an a i r
t i g h t  p l a s t i c  bag.  They were  a l lowed  t o  ha rden  a t  l e a s t  1 week b e fo r e
use .
Unless  o t h e r w i s e  s p e c i f i e d ,  t h e  w e l l s  cut  in  t h e  agar  p l a t e s  
were  10 mm a p a r t  i n  any d i r e c t i o n .  A f t e r  t h e  w e l l s  were c u t  w i th  a 
c o rk  b o r e r  t h e  agar  p lugs  were removed w i t h  a c a p i l l a r y  p i p e t t e  
a t t a c h e d  t o  a s u c t i o n  a p p a r a t u s .  The a p p r o p r i a t e  w e l l s  were then  f i l l e d  
w i t h  a p p ro x im a te ly  0 . 1  ml of  a n t i g e n  or  a n t i s e r u m  by means o f  a 
c a p i l l a r y  p i p e t t e .  The p l a t e s  were i n c u b a t e d  a t  25 C and examined a f t e r  
v a ry i n g  l e n g t h s  o f  t im e  f o r  t h e  deve lopment  o f  p r e c i p i t a t i o n  bands.
In a l l  c a s e s ,  r e a d i n g s  were r e c o r d e d  a f t e r  2 and 5 days .  C e r t a i n  o f
^^ C onso l ida te d  L a b o r a t o r i e s ,  Box 234,  Chicago H e igh ts ,  I l l i n o i s ,  
^^Lab-Line I n s t r u m e n t s ,  I n c . ,  M elrose  Park,  I l l i n o i s ,
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18t h e  p l a t e s  were pho tographed  w i t h  a P o l a r o i d  800 camera u s in g  Type
18 19 42 b l a c k  and w h i t e  f i l m  o r  w i t h  a Pen tax  " s p o t m a t i c "  camera.
P a s s i v e  Cutaneous Anaphalaxi s  Test
Male a l b i n o  g u in ea  p i g s ,  weighing  250-300 gm, were used fo r
the  p a s s iv e  cu taneous  a n a p h a l a x i s  (PGA) t e s t s .  Each g u in e a  p ig  was 
20shaved w i th  Os te r  an im al  c l i p p e r s  ap p ro x im a te ly  18 h r  b e fo r e  
s e n s i t i z a t i o n  w i th  a n t i b o d y .  This p rocedu re  avoided  t rauma and minimized 
exc i t em ent  o f  t h e  a n im a ls .  Ovary (1958) r e p o r t e d  t h a t  t rauma may 
cause v a r i a t i o n  i n  t h e  r e a c t i o n s  and t h a t  an e x c i t e d  a n im a l  may become 
a n e rg i c .
A l l  a n t i s e r a  used f o r  s e n s i t i z a t i o n  were d i l u t e d  w i th  pyrogen-  
21f r e e  0 .85 p e r  c e n t  NaCl , For the  purpose  o f  s e n s i t i z a t i o n ,  i n t r a d e r m a l
i n j e c t i o n s  were made u s in g  1 ,0  ml t u b e r c u l i n  s y r i n g e s  f i t t e d  w i t h  s h o r t
22be v e l ,  26 gauge,  0 , 5  in c h ,  d i s p o s a b l e  n e e d le s  , A 0 , 1  ml volume o f  
a n t i s e ru m ,  o r  i t s  a p p r o p r i a t e  d i l u t i o n ,  was i n t r o d u c e d  w i t h  the  be v e l  
of  the  n e e d le  t u rn e d  downward. A b l eb  a p p ro x im a te ly  8 mm i n  d iam e te r  
was thus produced a t  t h e  s i t e  o f  i n j e c t i o n .
Three h r  a f t e r  s e n s i t i z a t i o n  a l l  gu inea  p i g s  were c h a l l en g e d  
by i n t r a v e n o u s  i n j e c t i o n  w i t h  1 ,0  ml o f  an a n t i g e n  s o l u t i o n  c o n t a i n i n g
18P o l a r o i d  C o r p o r a t i o n ,  Cambridge, M a s s a c h u s e t t s ,
19
Honeywell Photo P r o d u c t s ,  5200 E, Evans A v e , , Denver ,  Colorado,
20 Oste r  Johnson M anufac tu r ing  Company, Milwaukee,  Wisconsin,
21 C u t t e r  L a b o r a t o r i e s ,  Berke ley ,  C a l i f o r n i a ,
2 2 Becton ,  D ic k in s o n ,  and Company, Columbus, Nebraska ,
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1 . 0  mg c ru d e  c a p s u l a r  p o l y s a c c h a r i d e  and 5 . 0  mg Evan 's  b lu e  dye ,
a c c o r d i n g  t o  t h e  t e c h n iq u e  o f  Kabat  and Mayer (1961) .  For i n j e c t i o n ,
gu in e a  p ig s  were  immobil ized on a gu inea  p i g  board made as  d e s c r i b e d  by
Campbel l ,  e t  a l .  , (1964) .  The uppe r  s u r f a c e  o f  a h ind  f o o t  was shaved 
20
w i t h  Os te r  an im a l  c l i p p e r s ,  and a smal l  r u b b e r  band was p l a c e d  above 
t h e  a n k le  which  was h e ld  t i g h t l y  by a s l i p  k n o t .  The n e e d le  was then  
i n t r o d u c e d  i n t o  the  sm a l l  v e in  between the  o u t e r  and the  m idd le  t o e s .
The t o u r n i q u e t  was removed and th e  i n j e c t i o n  of  the  a n t i g e n - E v a n ' s  b l u e  
m ix t u r e  was comple ted .
A l l  PGA r e a d i n g s  were made 45 min a f t e r  a n t i g e n  i n j e c t i o n  and 
were  r e c o r d e d  a s  d i a m e te r  (mm) o f  c o lo r e d  a r e a  a t  t h e  s k in  t e s t  s i t e .
In  some a n im a ls  t h e  s k i n  was removed t o  f a c i l i t a t e  pho tography  o f  the  
r e a c t i o n  s i t e s .  Since no d i f f e r e n c e  was found i n  t h e  s i z e  o f  r e a c t i o n s  
on th e  o u t s i d e  and on t h e  u n d e r s i d e  o f  the  s k i n ,  a l l  s u b s eq u e n t  m ea su re ­
ments were made on t h e  i n t a c t  a n im a l .  A s t a n d a r d  r e a c t i v e  a n t i s e r u m  
was i n c lu d e d  when t h e r e  was t h e  p o s s i b i l i t y  of  f a l s e  n e g a t i v e  r e a c t i o n s .  
The s t a n d a r d  r e a c t i v e  a n t i s e ru m  was d i l u t e d  1:32 in  0 .85  pe r  c e n t  
p y r o g e n - f r e ^  NaCl^^.
Q u a n t i t a t i v e  P r e c i p i t a t i o n  Test  
The q u a n t i t a t i v e  p r e c i p i t a t i o n  t e s t  (QPT) was used  t o  e v a l u a t e  
t h e  e f f e c t  o f  c rude  c a p s u l a r  p o l y s a c c h a r i d e  on a n t i b o d y  r e s p o n s e  t o  
b o v in e  serum a lbum in  (BSA). P r e c i p i t i n  t i t r a t i o n  fo l low ed  t h e  a lp h a  
p r o c e d u r e ,  in  which  t h e  q u a n t i t y  o f  a n t i g e n  was k e p t  c o n s t a n t ,  and i t  
was a s l i g h t  m o d i f i c a t i o n  o f  the  one d e s c r i b e d  by Campbel l ,  e t  a l .
(1964) .  In  o r d e r  t o  o b t a i n  a c c u r a t e  q u a n t i t a t i v e  d a t a ,  c a re  was t a k e n
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i n  making d i l u t i o n s  and in  the  u se  o f  p i p e t t e s .  A l s o ,  a n a l y t i c a l  t e c h ­
n iq u e  was used i n  e ach  s t e p  o f  t h e  p roce du re .
Before u s e ,  each a n t i s e r u m  was c l a r i f i e d  by c e n t r i f u g a t i o n  a t
10 ,000 X g a t  4 C f o r  30 min. For t h e  purpose  of  d e t e r m i n in g  t h e  
a p p r o p r i a t e  d i l u t i o n  of  a n t i s e ru m  f o r  the  c o n c e n t r a t i o n  o f  a n t i g e n  
(BSA), t h e  q u a l i t a t i v e  p r e c i p i t a t i o n  t e s t  was employed.  A s e r i e s  of  
e l e v e n ,  6 x 50 mm t e s t  tubes  was s e t  up and i n t o  t h e  l a s t  tube  was 
p i p e t t e d  0 ,2  ml of  b o r a t e - s a l i n e  b u f f e r ,  pH 8 . 4 .  The b u f f e r  was p r e ­
pa re d  by mixing 5 p a r t s  of  a s t o c k  b u f f e r  ( b o r i c  a c i d ,  6 .184 gm; sodium
t e t r a b o r a t e ,  9 .536 gm; sodium c h l o r i d e ,  4 .384  gm; and d i s t i l l e d  w a t e r  to  
1 l i t e r )  and 95 p a r t s  o f  0 .85  p e r  c e n t  NaCl. With a p i p e t t e ,  0 .2  ml 
o f  a n t i g e n  d i l u t i o n  ( c o n t a in i n g  31, 62, 93, 125,  187, 250, 375,  500, 
750, 1 ,000  ug BSA/ml) was t r a n s f e r r e d  to  i t s  a p p r o p r i a t e l y  l a b e l e d  
tu b e .  To each o f  t h e  above t u b e s  was then  added 0 .2  ml o f  u n d i l u t e d  
a n t i s e r u m  and t h e  c o n t e n t s  were mixed by f l i c k i n g  t h e  tube .  Tubes were 
obse rved  immed ia te ly  and the  o p t im a l  p r o p o r t i o n  (OP) zone was i n d i c a t e d  
by t h e  tube f i r s t  showing f l o c c u l a t i o n .  In  t h e  BSA-anti-BSA sys tem  t h e  
OP zone should occur  i n  the t u b e  c o n t a i n i n g  250 ug BSA/ml (Campbell ,  
e t  a l . , 1964) . T h e r e f o r e ,  a l l  a n t i s e r a  n o t  h a v i n g  an OP zone in  t h e  
250 t u b e  were d i l u t e d  a p p r o p r i a t e l y .  For example ,  i f  t h e  OP zone was 
found t o  be in  t h e  500 ug tube  t h e  a n t i s e r u m  was d i l u t e d  t w o - fo l d  fo r  
t h e  q u a n t i t a t i v e  t e s t .
In t h e  q u a n t i t a t i v e  p r e c i p i t a t i o n  t e s t ,  d u p l i c a t e  rows o f  11 
Kahn (12 x 75 mm) s e r o l o g i c a l  t u b e s  were a p p r o p r i a t e l y  l a b e l e d .  The 
e l e v e n t h  tube  s e r v e d  as  an a n t i s e r u m  c o n t r o l ,  i n t o  which was p laced  
0 .25  ml o f  b o r a t e - s a l i n e  b u f f e r .  I n to  the  r e m a in i n g  t u b e s  0 .2 5  ml o f
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t h e  a p p r o p r i a t e  a n t i g e n  d i l u t i o n  and 0.25  ml o f  t h e  a p p r o p r i a t e l y  d i l u ­
t e d  a n t i s e r u m  were  d i s p e n s e d .  The tubes  were shaken,  i n cu b a ted  a t  37 C 
f o r  2 h r ,  and then  s t o r e d  a t  4 C f o r  1 week. During t h i s  pe r io d  th e
tu b e s  were a g i t a t e d  d a i l y .  They were  then  c e n t r i f u g e d  a t  3 ,400 RPM
21f o r  30 min a t  4 C i n  a Adams SeroFuge . The s u p e r n a t a n t  f l u i d s  were 
removed w i t h  a c a p i l l a r y  p i p e t t e  and p laced  i n t o  a c l e a n ,  c o r r e s p o n d in g l y  
l a b e l e d  t e s t  t u b e .  The OP zone o f  t h e  s u p e r n a t e  was de te rm ined  immer^ - 
d i a t e l y  to  avo id  p r e c i p i t a t i o n  due t o  t em p e ra tu re  change.
Tubes c o n t a i n i n g  t h e  p r e c i p i t a t e  were f i l l e d  w i t h  co ld  (4 C) 
b o r a t e - s a l i n e  b u f f e r  f rom a wash b o t t l e ,  d i r e c t i n g  t h e  f l u i d  f i r s t  as  
a j e t  a g a i n s t  t h e  p r e c i p i t a t e  in  o r d e r  t o  d i s l o d g e  i t  f rom th e  bot tom 
o f  t h e  t u b e  and t o  d i s p e r s e  i t  i n t o  f ragmen ts .  Tubes were c e n t r i ­
fuged as  d e s c r i b e d  above and th e  s u p e r n a t e s  were d i s c a r d e d .  The p r e c i ­
p i t a t e s  were t h e n  washed 3 t im es  w i th  b o r a t e - s a l i n e  b u f f e r .  P r o t e i n  
c o n te n t  o f  t h e  p r e c i p i t a t e s  and t h e  v a r i o u s  a n t i g e n  d i l u t i o n s  were 
de te rm ined  a c c o r d i n g  t o  a m o d i f i c a t i o n  o f  t h e  Lowry, £ t  a l .  (1951) 
method.
Chemical  Analyses
Lowry P r o t e i n  D e te rm ina t ion  
A m o d i f i c a t i o n  o f  the  method of  Lowry, et^ a l .  (1951)  was used 
f o r  t h e  d e t e r m i n a t i o n  o f  t o t a l  p r o t e i n  in  c e r t a i n  c r y p t o c o c c a l  a n t i g e n s  
and i n  t h e  q u a n t i t a t i v e  p r e c i p i t a t i o n  t e s t s .  A l l  samples  t o  be ana ly zed  
were d i l u t e d  i n  0 .85  p e r  c e n t  NaCl t o  c o n t a i n  a p p ro x im a te ly  25 to  200
23 Clay-Adams, I n c . ,  New York,  New York,
53
ug p r o t e i n  p e r  ml.  A 6 .0  q u a n t i t y  o f  r e a g e n t  C, c o n s i s t i n g  of  50 ml
of  r e a g e n t  A (10 gm of  sodium c a rb o n a te  made up t o  500 ml w i th  0 . 1  N
NaOH) and 1 ml o f  r e a g e n t  B (1 .0  gm of  sodium t a r t r a t e  and 0 .5  gm of
copper  s u l f a t e  made up t o  100 ml w i t h  d i s t i l l e d  w a t e r ) ,  was added to
1.0  ml o f  d i l u t e d  sample.  Tubes were a l low e d  t o  s t a n d  fo r  10 min a t  
25 C. A 0 . 6  ml q u a n t i t y  o f  r e a g e n t  D (1 N F o l i n - C i o c a l t e u  r e a g e n t ) ^  
was added r a p i d l y ,  w i t h  immediate  a g i t a t i o n ,  and t h e  tu b es  were he ld  a t  
25 C f o r  30 min. The o p t i c a l  d e n s i t y  of  t h e  s o l u t i o n s  was read  i n  a 
Coleman J u n i o r  S p e c t ropho tom e te r^ ^  a t  a wave l e n g t h  o f  500 mu a f t e r  
s t a n d a r d i z i n g  t h e  i n s t r u m e n t  w i th  a r e a g e n t  b l a n k .  A s t a n d a r d  curve 
was p r e p a r e d  u s ing  bov ine  serum albumin^^ .  S e r i a l  d i l u t i o n s  o f  t h e  
albumin s t a n d a r d  were made in  0 .85  pe r  c e n t  NaCl t o  g iv e  a concen­
t r a t i o n  r a n g e  from 20 to  200 ug o f  p r o t e i n  p e r  ml and d e t e r m i n a t i o n s  
were made by th e  method d e s c r i b e d  above. The o p t i c a l  d e n s i t y  o f  the 
unknown s o l u t i o n s  was c o n v e r t e d  t o  c o n c e n t r a t i o n  of  p r o t e i n  by 
r e f e r e n c e  t o  t h e  s t a n d a r d  curve .
T o t a l  N i t ro g e n  D e t e rm in a t io n  
To ta l  n i t r o g e n  d e t e r m i n a t i o n s  were made u s in g  the  micro-  
K j e ld a h l  method o f  Lang (1958) .  I n to  each  s t a n d a r d  K je ld a h l  d i g e s t i o n  
tube  was placed  e i t h e r  a d ry  w e igh t  sample o f  l e s s  t h a n  5 mg or  a 
sample o f  1 . 0  ml o r  l e s s  i n  volume. To each  tu b e  were  added 0 .2  ml 
o f  d i g e s t i o n  m ix tu re  (40 gm po tass ium  s u l f a t e ,  20 ml se len ium  oxy-  
c h l o r i d e ,  d i s t i l l e d  w a te r  t o  250 ml,  and 250 ml c o n c e n t r a t e d  s u l f u r i c
^^Coleman I n s t r u m e n t s ,  I n c . ,  Maywood, I l l i n o i s .
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a c i d ) ,  0 .2  ml of  30 pe r  cen t  hydrogen  p e r o x i d e ,  and d i s t i l l e d  w a t e r  to
b r i n g  th e  t o t a l  volume t o  2 . 0  ml. Tubes were then  he ld  on a K j e ld a h l
h e a t i n g  a p p a ra tu s  u n t i l  t h e  c o n t e n t s  were evapo ra ted  t o  about  0 . 1  ml,
and they  were then  coo led  t o  25 C. The a c i d  d i g e s t  was d i l u t e d  t o  10.0
ml w i th  d i s t i l l e d  w a t e r ,  a f t e r  which a 3 .0  ml a l i q u o t  was t r a n s f e r r e d
t o  a Coleman c u v e t t e ^ ^  s e t  i n  c ru she d  i c e .  To th e s e  tubes  were added
252 . 0  ml i c e  co ld  N e s s l e r  r e a g e n t  and 1 .0  i c e  cold d i s t i l l e d  w a t e r .
A f t e r  tho rough ly  mixing ,  t h e  t u b e s  were a l lowed t o  s t a n d  a t  25 C f o r
10 min f o r  c o l o r  development .  O p t i c a l  d e n s i t i e s  were then  de te rm ined
24a t  500 mu in  a Coleman J u n i o r  Spec t ropho tom e te r  . A s t a n d a r d  cu rve  
was prepared  u s in g  an ammonium s u l f a t e  s t a n d a r d  s o l u t i o n ,  (1 .179 gm 
ammonium s u l f a t e  i n  250 ml 0 .2  N s u l f u r i c  a c i d ) .  S e r i a l  d i l u t i o n s  of  
t h e  ammonium s u l f a t e  s o l u t i o n  were  made in d i s t i l l e d  w a te r  t o  g i v e  a 
c o n c e n t r a t i o n  range from 50 t o  200 ug n i t r o g e n  pe r  ml and d e t e r m i n a t i o n s  
were  made by t h e  method d e s c r i b e d  above.  The o p t i c a l  d e n s i t y  o f  t h e  
unknown s o l u t i o n s  was c o n v e r t ed  t o  c o n c e n t r a t i o n  of n i t r o g e n  by 
r e f e r e n c e  t o  t h e  s t a n d a r d  c u rv e .
T o t a l  C a rbohyd ra te  D e te rm ina t ion  
T o t a l  c a rb o h y d r a te  d e t e r m i n a t i o n s  were made by use of  t h e  
e n th r o n e  t e s t  as  m od if ied  by S e i f t e r  a l . , (1950).  Samples t o  be 
ana lyzed  were  d i l u t e d  i n  d i s t i l l e d  w a t e r  t o  c o n ta i n  ap p ro x im a te ly  20 
t o  200 ug c a rb o h y d r a t e  pe r  5 . 0  ml. The tu b es  were p lac e d  i n  c rushed  
i c e  and a 10 .0  ml q u a n t i t y  o f  e n th r o n e  r e a g e n t  (0.2 gm e n th r o n e  in
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100 ml 95 p e r  c e n t  s u l f u r i c  a c i d )  was added from a f a s t  f lo w in g  p i p e t t e .  
The t u b e s  were shaken ,  s to p p e r e d  w i t h  g l a s s  m a r b l e s ,  and h e a t e d  f o r  10 
min in  a b o i l i n g  w a t e r  b a t h .  They were t h e n  p laced  in  ru n n in g  t a p  
w a t e r  u n t i l  cool  ( ap p ro x im a te ly  10 min)  and t h e  o p t i c a l  d e n s i t i e s  were 
d e te rm in e d  i n  a  Coleman J u n i o r  S pe c t ropho tom e te r^ ^ .  A s t a n d a r d  curve  
was p r e p a r e d  u s in g  a s to c k  g lu c o s e  s o l u t i o n  (200 ug /ml) .  S e r i a l  d i l u ­
t i o n s  o f  t h e  g l u c o s e  s t a n d a r d  were made in  d i s t i l l e d  w a te r  t o  g iv e  a 
c o n c e n t r a t i o n  range  from 4 t o  40 ug g l u c o s e  p e r  ml and d e t e r m i n a t i o n s  
were  made by t h e  method d e s c r i b e d  above.  The o p t i c a l  d e n s i t y  of  t h e  
unknown s o l u t i o n s  was conve r ted  t o  c o n c e n t r a t i o n  of  c a r b o h y d r a t e ,  as  
g l u c o s e ,  by r e f e r e n c e  t o  t h e  s t a n d a rd  cu rve .
Paper Chromatography f o r  Monosaccha ride  Uni t s
Samples t o  be examined c h r o m a t o g r a p h i c a l l y  were d i a l y z e d  fo r  
48 h r  a g a i n s t  2 changes o f  d i s t i l l e d  w a t e r .  Hydro ly s i s  o f  t h e  samples  
was accompli shed  by h e a t i n g ,  1 .0  mg of  c a r b o h y d r a t e  and 1 .0  ml o f  1 .5  
N HCl f o r  3 hr  a t  97 C i n  a s e a l e d  tube .  The m a t e r i a l  was then  d r i e d  
i n  vacuo ove r  NaOtl p e l l e t s  and the  r e s i d u e  was r e c o n s t i t u t e d  in  0 . 1  ml 
d i s t i l l e d  w a t e r .
The hyd ro lyzed  samples were s p o t t e d  on 9" x 23" S c h l e i c h e r  and 
S c h n e l l ^ ^  chromatography  pape r  (No. 2043-B) and chromatographed f o r  24 
h r ,  in  a de s ce n d in g  sys tem ,  in  a s o l v e n t  c o n s i s t i n g  o f  5 p a r t s  b u t y l  
a l c o h o l ,  3 p a r t s  p y r i d i n e ,  and 2 p a r t s  0 . 1  N'HCl. The chromatograms 
were  t h en  a i r  d r i e d  and d ipped  in  a s o l u t i o n  c o n t a i n i n g  1. 69 gm 2-amino-  
b i p h e n y l ,  5 . 0  ml g l y c e r o l ,  0 .9 0  gm o x a l i c  a c i d ,  10.0 ml d i s t i l l e d  w a t e r ,
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and 84 .0  ml a c e to n e  (Gordon, 1956) . The pa pe rs  were a i r  d r i e d  and 
h e a t e d  fo r  5 min a t  100 C f o r  the  development  o f  t h e  s p o t s .  S t a n d a rd  
s o l u t i o n s  c o n t a i n i n g  1 .0  mg o f  g l u c o s e ,  g l u c u r o n i c  a c i d ,  g a l a c t o s e ,  
mannose,  x y l o s e ,  r i b o s e ,  and g l u c u r o n o - l a c t o n e  were a l s o  s p o t t e d  a s  
c o n t r o l s .  The c o l o r  scheme c o n s i s t e d  of  p e n t o s e s - r e d ,  h e x o s e s -  
g r e e n i s h  brown, and u r o n ic  a c i d s - p u r p l e .  The s e n s i t i v i t y  o f  t h e  r e a c ­
t i o n  i s  0 .01  m o l s / s q u a r e  cm and th e  p r o ce d u re  used  was p a t t e r n e d  
a f t e r  t h e  methods of  Block (1964) and T reve lyan  e t  a l .  (1950).
U l t r a - V i o l e t  A n a ly s i s  of  C e l l  F r a c t i o n s  
Whole c e l l s ,  c e l l  w a l l s  and z e o l i t e  c e l l  g h o s t s  were a n a ly z e d  
by t h e  t r i c h l o r o a c e t i c  ac id  (TCA) method o f  Webb (1958) . To 4 . 0  mg (wet 
w e i g h t )  of  c e l l  w a l l s ,  c e l l  g h o s t s ,  o r  whole c e l l s  was added 1 . 0  ml of
5 .0  p e r  cen t  TCA and th e  m a t e r i a l s  were he a te d  i n  a b o i l i n g  w a t e r  b a th  
fo r  30 min. They were then d i l u t e d  w i t h  1 .0  ml of  5 . 0  per  c e n t  TCA 
(u n h ea t ed ) ,  c e n t r i f u g e d  a t  1 ,500 RPM t o  c l a r i f y ,  and d i l u t e d  w i t h  d i s ­
t i l l e d  w a te r  t o  a f i n a l  volume o f  10 .0  ml. The b l a n k  c o n s i s t e d  o f  1 . 0  
ml of  5 .0  p e r  c e n t  TCA (hea ted f o r  30 min)  and 1 .0  ml of  5 . 0  p e r  c e n t  
TCA (unhea ted ) ,  d i l u t e d  to  a f i n a l  volume o f  1 0 .0  ml.
The d i s t i l l e d  wa te r  and s u c ro s e  s u p e r n a t e s  ob ta ine d  from th e  
z e o l i t e  e x t r a c t i o n  p rocedu re  were examined d i r e c t l y  w i t h o u t  TCA t r e a t ­
ment .  The s u p e r n a t e s  were d i l u t e d  1 to  10 w i t h  d i s t i l l e d  w a t e r  and 
a p p r o p r i a t e  b lanks  were a l s o  p repa red  from d i s t i l l e d  w a te r  and 0 .2 5  M
s u c r o s e  in  the  same manner d e s c r i b e d  above.  U l t r a - v i o l e t  a n a l y s i s  was
27performed on a Cary 14 Recording Spec t ropho tom e te r  s e t  a t  a s l i t  w id th
27
Appl ied  Phys ics  C o r p o r a t i o n ,  Monotonia ,  C a l i f o r n i a .
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o f  0 . 0 6  mm.
Treatment  o f  C e l l  Walls w i t h  C h l t i n a s e  
To de te rm ine  t h e  p re se nc e  or  absence  of  c h i t i n  i n  the- c e l l  w a l l  
o f  C. neofo rm ans , t h e  f o l l o w i n g  experiment  was pe rformed as  summarized
in  Tab le  3. In 10 .0  ml screw cap t e s t  tubes  was p l a c e d  8 mg o f  c e l l
28w a l l  or  f i n e l y  ground c h i t i n  . A 1 .5  ml q u a n t i t y  o f  0 .08  M a c e t a t e
b u f f e r ,  pH 5 .0  was t h e n  added t o  each t u b e ,  t o g e t h e r  w i th  0 .1  ml of
0 .2 5  M magnesium c h l o r i d e  a n d / o r  0 .1  ml o f  0 .85  pe r  cen t  NaCl. To
s e l e c t e d  tubes  was added 1 drop  of a 1 . 0  pe r  c e n t  bov ine  serum a lbum in^^
29
s o l u t i o n .  F i n a l l y ,  t o  each t u b e  was added 400 ug pu re  c h i t i n a s e  con­
t a i n e d  i n  1 .0  ml of  t h e  a c e t a t e  b u f f e r .  A l l  t u b e s  were s to p p e re d  t i g h t l y  
and in c u b a te d  a t  37 C f o r  10 days .  At 0, 3, 5, 7, and 10 days ,  0 . 2  
ml samples  were removed and a ssayed  q u a l i t a t i v e l y  f o r  N - a c e t y l g l u c o s -  
amine by t h e  Morgan and Elson r e a c t i o n  as  m od i f ied  by Tracey (1955).
The 0 .2  ml samples were p laced  in  g r a d u a t e d  t e s t  t u b e s .  A 10 ug 
s t a n d a r d  and a w a t e r  b l a n k  were  i n c lu d e d .  The volume of a l l  t u b e s  was 
b rough t  t o  1 .0  ml w i t h  d i s t i l l e d  w a te r  and 0 .3  ml o f  s a t u r a t e d  sodium 
b o r a t e  s o l u t i o n  was added t o  each tu b e .  The tu b e s  were shaken,  
s t o p p e r e d  w i th  g l a s s  m arb l e s ,  h e a t e d  in  a b o i l i n g  w a t e r  b a th  fo r  7 min, 
and t h e n  cooled i n  runn ing  t ap  w a te r .  G l a c i a l  a c e t i c  ac id  was added 
t o  t h e  8 .7  ml mark of  each tu b e  and t h i s  was fo l lowed  by th e  a d d i t i o n  
o f  1 ,0  ml E h r l i c h  r e a g e n t  (2 .0  gm p -d im e thy lam inobenza ldehyde  in  100 
ml g l a c i a l  a c e t i c  a c i d  c o n t a i n i n g  5 .0  ml c o n c e n t r a t e d  h y d r o c h l o r i c
)  Q
Eastman Organic  Chemica ls ,  R o c h e s te r ,  New York.
2 9 N u t r i t i o n a l  Biochemica l  C o r p o r a t i o n ,  C leve land ,  Ohio.
TABLE 3
EXPERIMENTAL DESIGN FOR CHITINASE HYDROLYSIS® OF CELL WALL 
ISOLATED FROM CRYPTOCOCCUS NEOFORMANS
Tube
Number
C e l l  Wall
mg





d r o p s
NaCl
ml
C h i t i n a s e
ug
A c e t a t e  
B u f f e r  (ml)
1 8 - 0 . 1 1 ---- 400 1 . 5
2 8 - ---- - 0 . 1 400 1, 5
3 - 8 0 .1 1 ---- 400 1 , 5
4 - 8 0 , 1 - --- 400 1 . 5
5 - 8 ---- 1 0 . 1 400 1 .5
6 - 8 ---- - 0 . 1 400 1 . 5
7 1 400 1 .5
00
I n c u b a t e  a t  37 C f o r  10 days .
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a c i d ) .  The tubes  were shaken and a l lowed t o  s t a n d  f o r  45 min. The 
c o l o r  i n t e n s i t y  was matched a g a i n s t  the  s t a n d a r d  and r e c o rd e d  q u a l i ­
t a t i v e l y  from 0 to  4+,
H i s t o l o g i c a l  S tu d ie s  
At a u to p s y ,  r e p r e s e n t a t i v e  t i s s u e  samples  from th e  h e a r t ,  lung ,  
b r a i n ,  k idney ,  l i v e r ,  and s p l e e n ,  ob ta ined  from r a b b i t s  t h a t  had r e c e iv e d  
d e c a p s u l a t e d  c ry p t o c o c c a l  whole c e l l s  mixed w i t h  360 ug c r y p t o c o c c a l  
c a p s u l a r  p o l y s a c c h a r i d e ,  were f i x e d  in  n e u t r a l  10 per  c e n t  fo rm a l in .
» 30T is su e s  were p laced  in  an a u tom a t ic  t i s s u e  p r o c e s s o r  (A u to - t e ch n ic o n )
fo r  d e h y d r a t io n  th rough  changes of  80, 95, and 100 per  c e n t  e t h a n o l ,
c l e a r i n g  w i th  x y l e n e ,  and i n f i l t r a t i o n  o f  t i s s u e  w i th  p a r a f f i n .  P a r a f f i n
31t i s s u e  embedding was done w ith  s ta n d a rd  T is su e -T ek  embedding equipment
32T is sue  s e c t i o n s  were c u t  on a r o t a r y  microtome a t  a t h i c k n e s s  of  6 u. 
S e c t io n s  were s t a i n e d  w i t h  H a r r i s ’s h e m a t o x y l i n - e o s i n  and Mayer 's  
mucicarmine s t a i n s  a c c o r d in g  t o  t h e  methods o u t l i n e d  in  t h e  Manual of  
H i s t o l o g i c  and S p e c i a l  S t a i n i n g  Technics  (1960),
^^The Technicon Company, Chauncey, New York,
31Ames Company, I n c . ,  E l k h a r t ,  I n d ia n a ,
32
American O p t i c a l  Company, B u f f a l o ,  New York,
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RESULTS
Cel l  D i s r u p t i o n
The e a r l y  phase  o f  t h i s  i n v e s t i g a t i o n  invo lved  p r e p a r a t i o n  of  
t h e  v a r i o u s  c e l l  f r a c t i o n s  which would s u b s e q u e n t ly  be s tu d i e d  c h e m ic a l ly  
and i i r anunologica l ly .  Treatment  o f  c r y p t o c o c c a l  c e l l s  by sonic  o s c i l ­
l a t i o n  r e s u l t e d  in  ap p ro x im a te ly  80 p e r  cent  b r eakage  o f  the  c e l l s  as  
d e te rm in e d  by d i r e c t  m ic roscop ic  ex a m in a t io n .  This method o f  c e l l  
d i s r u p t i o n  was found to  be s u p e r i o r  t o  Braun hom ogen iz a t ion ,  which 
r e s u l t e d  i n  only  20 t o  30 pe r  c e n t  c e l l  d i s r u p t i o n .  With these  t e c h n i ­
ques ,  however ,  c rude  c e l l  w a l l s  were i s o l a t e d  i n  r a t h e r  smal l  amounts 
due t o  a u t o a g g l u t i n a t i o n  o f  t h e  c e l l  w a l l  f r a g m e n t s ,  which were i n s e p ­
a r a b l e  from t h e  unbroken whole c e l l s  and g l a s s  beads .  For  t h i s  r e a s o n ,  
t h e  s y n t h e t i c  z e o l i t e  method was e v a l u a t e d .  The e f f e c t  o f  z e o l i t e  
t r e a t m e n t  on c r y p t o c o c c a l  whole c e l l s  i s  shown in  F i g u r e s  6 and 7.
When v i a b l e  whole c e l l s  o f  neoformans a r e  gram s t a i n e d  they  
r e t a i n  t h e  c r y s t a l  v i o l e t - i o d i n e  complex and a r e  seen  as  deeply s t a i n i n g .  
Gram p o s i t i v e ,  budding y e a s t  c e l l s  (F ig u re  6 ) ,  However, when th e  c e l l s  
were t r e a t e d  w i t h  z e o l i t e  they  became gram n e g a t i v e ,  were  devoid of  
c y to p la s m ic  s t a i n i n g ,  and had the  a ppe a ra nce  o f  c e l l  g h o s t s  (F igu re  
7)o When d i r e c t  wet  mount p r e p a r a t i o n s  o f  z e o l i t e  t r e a t e d  c e l l s  and
60
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F i g u r e  6„ Gram s t a i n e d  smear  of  Cryptococcus  neoformans b e f o r e  
t r e a t m e n t  w i t h  s y n t h e t i c  z e o l i t e .  M a g n i f i c a t i o n  x 970,
F ig u re  7, Gram s t a i n e d  smear of  Cryp tococcus  neoformans a f t e r  
t r e a t m e n t  w i t h  s y n t h e t i c  z e o l i t e .  M a g n i f i c a t i o n  x 970.
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t h e  c ru d e  c e l l  w a l l s  i s o l a t e d  by s o n ic  o s c i l l a t i o n  were compared,  t h e  
z e o l i t e  g h o s t s  r esem bled  e r y t h r o c y t e  g h o s t s ,  whereas  t h e  c rude c e l l  w a l l  
p r e p a r a t i o n  c o n ta i n e d  sm a l l  ha lf -moon  p a r t i c l e s  of  b roken  c e l l s .  In  no 
i n s t a n c e  were b roken  p a r t i c l e s  o f  c e l l s  seen  in  the z e o l i t e  p r e p a r a t i o n s .
U l t r a v i o l e t  a b s o r b t i o n  s p e c t r a  were o b t a in e d  on th e  z e o l i t e  
g h o s t s  and whole c e l l s ,  a s  w e l l  as  t h e  w a t e r  and su c ro s e  s u p e r n a t e s .
Ihe z e o l i t e  g h o s t s  were r e l a t i v e l y  f r e e  o f  c o n ta m in a t in g  n u c l e i c  a c i d s  
a s  compared t o  t h e  whole c e l l s .  Hie s u c ro s e  s u p e r n a t e  c o n ta i n e d  th e  
l a r g e s t  p e r c e n t a g e  o f  p r o t e i n s ,  a b s o r b i n g  a t  280 mu, and the  w a te r  
s u p e r n a t e  c o n ta in e d  t h e  l a r g e s t  p e r c e n t a g e  o f  n u c l e i c  a c i d s ,  a b s o r b i n g  
a t  260 mu. I t  a p p e a r s  t h a t  the  major  p o r t i o n  o f  t h e  s o l u b l e  c e l l  
p r o t e i n  i s  removed by t h e  s u c ro s e  t r e a t m e n t  o f  t h e  i s o l a t e d  c e l l  g h o s t s .  
I s o l a t e d  c ru d e  c e l l  w a l l s  gave an a b s o r p t i o n  spect rum s i m i l a r  t o  t h a t  
s e e n  w i t h  t h e  c e l l  g h o s t s .  The r e s u l t s  o f  t h i s  expe riment  a r e  p r e s e n t e d  
in  F i g u r e  8.
Chemical A n a ly s i s
R e s u l t s  o f  t h e  chemica l  a n a l y s i s  o f  t h e  a n t i g e n s  which were 
used  f o r  t h e  p r o d u c t i o n  o f  a n t i s e r a  a r e  shown i n  Table  4. I h e  f o rm a l ­
i n i z e d  whole c e l l  w i t h  c a p s u l e  c o n ta i n e d  0 .9 6  mg t o t a l  c a rb o h y d r a t e /m l .  
For c o m p a ra t iv e  p u r p o s e s ,  t h e  s o n i c a t e d  a n t i g e n  w i th  ca p su le  was 
a d j u s t e d  t o  a p p r o x i m a t e ly  t h e  same c a r b o h y d r a t e  c o n t e n t ,  i . e .  1 . 0  mg/ml. 
The t o t a l  c a rb o h y d r a t e  c o n te n t  o f  t h e  whole c e l l  a n t i g e n  w i t h o u t  c a p s u l e  
was on ly  0 .6 0  mg/ml. A c c o rd ing ly ,  t h e  homologous s o n i c a t e d  a n t i g e n  was 
a d j u s t e d  t o  a p p r o x i m a t e ly  t h e  same c o n c e n t r a t i o n  (0.64 mg/ml) . C e l l  
w a l l  a n t i g e n  c o n ta i n e d  0 .6 0  mg/ml o f  c a r b o h y d r a t e ,  w h i l e  the  z e o l i t e
63 .
□— a— a Sucrose Supernate
0 . 7 0  — I n t a c t  C e l l s
•— •— •  Z e o l i t e  Ghosts
0. 60 —
0 . 5 0  —
0 . 4 0  —
M 0 .3 0  —E - i
è
0 . 20 —
0.10  —
'  0 .00  —
300 290 280 270 260 250 240 230
WAVELENGTH - mu
F ig u re  8. U l t r a v i o l e t  a b s o r b t i o n  s p e c t r a  o f  c e l l  f r a c t i o n s  
i s o l a t e d  from Cryptococcus  neoformans by z e o l i t e  t r e a t m e n t .
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TABLE 4
TOTAL CARBOHYDRATE AND PROTEIN CONTENT OF ANTIGENS 
FROM CRYPTOCOCCUS NEOFORMANS USED FOR 
INTRAVENOUS IMMUNIZATION
Antigen Carbohydra te^  
mg/ml
P r o t e i n ^
mg/ml
Whole Encapsu la ted  C e l l s 0 .9 6 0 .4 6
Sonicated  Encapsu la ted  C e l l s 1 .0 1.26
Whole Decapsu la ted  C e l l s 0 .6 0 0 .6 0
Sonica ted  D ecapsu la ted  C e l l s 0 .6 4 1.16
Cel l  Wall 0 .6 0 0 .1 5
Cytoplasmic M a t e r i a l 1 .2 0 0,68




g h o s t s  c o n t a i n e d  0 .5 7  mg/ml. Cytop lasm ic  m a t e r i a l  c o n ta i n e d  1 ,20  mg 
c a r b o h y d r a t e / m l ,  which i s  s l i g h t l y  more than  was seen w i t h  t h e  s o n i ­
c a t e d  a n t i g e n s .
The 4 p a r t i c u l a t e  a n t i g e n s ,  i . e .  whole  c e l l s  w i t h  and w i t h ­
o u t  c a p s u l e ,  c e l l  w a l l s ,  and z e o l i t e  g h o s t s ,  had been a d j u s t e d  t o  match 
a number 10 McFarland nephelometer  s t a n d a r d  b e f o r e  b e in g  a na lyz e d  
c h e m i c a l ly .  The t o t a l  c a rb o h y d r a te  c o n t e n t s  o f  t h e s e  a n t i g e n s  were i n  
good agreement  e x c ep t  fo r  the  e n c a p s u l a t e d  whole c e l l .
P r o t e i n  a n a l y s i s  showed a wide range  of  v a r i a b i l i t y  between 
whole  c e l l s  and s o n i c a t e d  a n t i g e n s .  However, t h e r e  was good agreement  
be tween whole c e l l s  w i t h  and w i t h o u t  c a p s u l e ,  which had p r o t e i n  c o n t e n t s  
o f  0 .4 6  and 0 .6 0  mg/ml, r e s p e c t i v e l y .  The s o n i c a t e d  a n t i g e n s  e x h i b i t e d  
s i m i l a r  a g re e m e n t ,  w i t h  1.26  mg p r o t e i n / m l  f o r  s o n i c a t e d  e n c a p s u l a t e d  
c e l l s  and 1 .1 6  mg p r o t e i n / m l  f o r  t h e  s o n i c a t e d  n o n e n c a p s u l a t e d  c e l l s .  
Crude c e l l  w a l l s  and z e o l i t e  ghos t  a n t i g e n s  c o n ta i n e d  0 .1 5  and 0 .4 2  mg 
p r o t e i n / m l  r e s p e c t i v e l y ,  w h i l e  t h e  c y to p l a s m i c  a n t i g e n  c o n ta in e d  0 .6 8  
mg/ml.
The t o t a l  c a rb o h y d r a t e  and p r o t e i n  c o n t e n t  o f  t h e  s o l u b l e  a n t i ­
gens used f o r  a g a r  g e l  d i f f u s i o n  t e s t s  a r e  shown in  Table  5. The 
p r o t e i n  c o n t e n t  o f  t h e s e  a n t i g e n s  was r e l a t i v e l y  c o n s i s t e n t ,  rang ing  
from 3 ,0 0  t o  3 ,7 8  mg/ml, e xc ep t  f o r  t h e  c u l t u r e  f i l t r a t e  which had a 
p r o t e i n  c o n t e n t  o f  on ly  0.65  mg/ml. The c a r b o h y d r a t e  c o n t e n t  ranged from 
1.92  mg/ml f o r  t h e  s o n ic a t e d  n o n e n c a p s u la t e d  c e l l s  t o  4 . 2 0  mg/ml f o r  
t h e  z e o l i t e  s o l u b l e  f r a c t i o n .  Three o f  t h e  a n t i g e n s ,  i . e .  s o n i c a t e d  
c e l l s ,  w i t h  and w i t h o u t  c a p s u l e ,  and t h e  c y to p la s m ic  m a t e r i a l ,  were 
t h r e e - f o l d  c o n c e n t r a t e s  o f  t h e  a n t i g e n s  used f o r  immuniza t ion.
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TABLE 5
TOTAL CARBOHYDRATE AND PROTEIN CONTENT OF SOLUBLE 





P r o t e i n
mg/ml^
Z e o l i t e  S o lub le  F r a c t i o n 4 .20 3.12
S o n ic a t e d  E ncapsu la ted  C e l l s ^ 3.00 3 .78
S o n ic a t e d  E n c a p s u la te d  C e l l s ^ 1.92 3.48
Cy top lasmic  M a t e r i a l ^ 2 .04 3 .6 0
Braun Homogenate 2.68 3 .0 0
C u l t u r e  F i l t r a t e 2 .40 0 .65
^Anthrone 
^Lowry method
^ 3 - f o l d  c o n c e n t r a t e  o f  a n t i g e n  used f o r  immunizat ion
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In  t h e  a n a l y s e s  d e s c r i b e d  above,  c a rb o h y d ra te  and p r o t e i n  ware 
de te rm ined  on t h e  h y d r a t e d  a n t i g e n s  and t h e  v a lu e s  were p r i n c i p l y  as  a 
means of  comparing the  r e l a t i v e  amounts o f  each c o n s t i t u e n t  a d m i n i s t e r e d  
d u r i n g  t h e  immuniza t ion s c hedu le .  In  a d d i t i o n ,  c e r t a i n  o f  t h e  i s o l a t e d  
f r a c t i o n s  were brought  t o  a c o n s t a n t  w e i g h t  i n  vacuo and the  p e r c e n t a g e  
p r o t e i n  and c a r b o h y d r a t e  were de te rm in e d .  These d a t a  a r e  p r e s e n t e d  in  
Table  6. The p e r c e n t a g e  of  t o t a l  c a r b o h y d r a t e  o f  t h e  3 p a r t i c u l a t e  
f r a c t i o n s ,  i . e .  whole  c e l l s  w i t h  c a p s u l e ,  c e l l  w a l l s ,  and t h e  z e o l i t e  
g h o s t s ,  was found t o  be 7 6 .8 ,  64.2 and 69 .4 ,  r e s p e c t i v e l y .  The t o t a l  
p e r c e n ta g e  o f  p r o t e i n  (N x 6 .25 )  i n  t h e  z e o l i t e  ghos t s  was 22 .3 1 ,  or  
a p p ro x im a te ly  tw i c e  t h a t  found in  whole  c e l l s  and c e l l  w a l l s .  The 
p he no l  e x t r a c t  (water  p h a s e ) ,  t h e  mannan i s o l a t e d  from whole c e l l s ,  and 
t h e  mannan i s o l a t e d  from th e  z e o l i t e  g h o s t s  c o n ta in ed  9 7 .8 ,  9 9 .2 ,  98 .6  
p e r  c e n t  t o t a l  c a r b o h y d r a t e ,  r e s p e c t i v e l y ,  and were r e l a t i v e l y  f r e e  o f  
c o n ta m in a t in g  n i t r o g e n o u s  m a t e r i a l .  The c rude  c a p s u l a r  p o l y s a c c h a r i d e  
c o n ta i n e d  82.2 p e r  c e n t  c a rb o h y d r a t e  and 16.9 per  cen t  h ’^ o te in  (Lowry),  
a s  compared to  9 .1  per c e n t  by t h e .  m i c r o - k j e l d a h l  method.
Whole c e l l s  w i t h  c a p s u l e s  and z e o l i t e  g h o s t s  were q u a n t i t a t i v e l y  
e x t r a c t e d  by t h e  mannan e x t r a c t i o n  method of  Pea t  (1961) .  The whole  
c e l l s  w i t h  c a p s u l e s  c o n ta i n e d  15.7 per  c e n t  mannan, w h i l e  t h e  z e o l i t e  
g h o s t s  c o n ta i n e d  7 . 9  p e r  cent  mannan.
A l l  of  t h e  v a r i o u s  f r a c t i o n s  used  in  t h i s  i n v e s t i g a t i o n  were 
a na lyz e d  by descend ing  pa p e r  chromatography fo r  d e t e c t i o n  of  s u g a r  
r e s i d u e s .  Thi s  method was used t o  d e t e c t  t h e  4 monosacchar ide  e lem ents  
( g lu c o s e ,  g a l a c t o s e ,  x y l o s e ,  and g l u c u r o n i c  a c i d )  known t o  be p r e s e n t  
i n  t h e  c a p s u l a r  p o l y s a c c h a r i d e  i s o l a t e d  from neofo rm ans .
TABLE 6
CHEMICAL ANALYSIS OF CRYPTOCOCCUS NEOFORMANS WHOLE CELLS AND CELL FRACTIONS
F r a c t i o n
P e r c e n t ^
T o t a l
N
P e r c e n t  
P r o t e i n  
(N X 6 . 2 5 )
P e r c e n t
P r o t e i n
(Lowry)
P e r c e n t
T o t a l ‘s
c a r b o h y d r a t e
Whole E n c a p s u l a t e d  C e l l s 1 .6 8 1 0 ,5 0 a 7 6 .8
Z e o l i t e  Ghos ts 3. 57 2 2 .31 a 6 9 .4
C e l l  Wall s 0 . 7 0 10. 62 a 64 .2
Crude C a p s u l a r  P o l y s a c c h a r i d e 1.47 9 .1 9 1 6 .92 82 .2
Ph e n o l  E x t r a c t  Water  Phase 0 , 2 1 1 .3 1 0 ,5 2 9 7 . 8
Mannan (Whole C e l l s ) < 0 .0 2 < 0 . 1 6 < 0 . 0 6 9 9 .2
Mannan ( Z e o l i t e  G h o s t s ) CO .02 < 0 , 1 2 < 0 . 0 4 98. 6
00
^Not  done
^ M ic r o - K je l d a h l
^ A n th rone  method
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The r e s u l t s  o f  t h i s  e xpe r im e n t  a r e  shown on F i g u r e s  9 and 10. From the  
chromatogram shown i n  F ig u re  9 i t  can be s e e n  t h a t  the  z e o l i t e  ghosts  
co n ta in ed  3 o f  t h e  4 c a p s u l a r  m onosacchar ides ,  namely g l u c u r o n i c  ac id ,  
mannose, and x y l o s e .  However, a r e l a t i v e l y  l a r g e  amount o f  g lucose  was 
a l s o  p r e s e n t ,  p l u s  an u n i d e n t i f i e d  spo t  n e a r  the  t o p  o f  t h e  chromatogram. 
This u n i d e n t i f i e d  s p o t ,  a lo n g  w i th  a l a r g e  amount o f  g l u c o s e ,  was a l so  
seen in  t h e  h y d r o l y t i c  p r o d u c t s  of  the  c e l l .  No o t h e r  monosaccharide 
r e s i d u e s  were d e t e c t e d  i n  the  c e l l  w a l l  h y d r o l y s a t e .  A l l  o t h e r  f r a c t i o n s  
ana ly zed  in  t h i s  manner (F igures  9 and 10)  c o n t a i n e d  g l u c u r o n i c  ac id ,  
mannose, x y l o s e ,  and g a l a c t o s e ,  s u g g e s t i n g  t h e  p r e s e n c e  o f  a l l  of  the 
c a p s u l a r  p o l y s a c c h a r i d e  components.  One n o t a b l e  e x c e p t i o n  i s  the  absence 
o f  g a l a c t o s e  from t h e  mannan f r a c t i o n  i s o l a t e d  from whole c e l l s  (Figure 
9,  column 6).
An a t t e m p t  was made to  i d e n t i f y  the  unknown s u b s t a n c e  found i n  
c e l l  w a l l s  and th e  z e o l i t e  g h o s t s .  On pape r  chrom atography i t  d id  not 
a p p e a r  to  be a  hexosamine.  However, in  v iew of t h e  r e p o r t s  o f  the  
p r e s e n c e  of  c h i t i n  i n  t h e  c e l l  w a l l  o f  c e r t a i n  y e a s t s ,  t h e  i s o l a t e d  
c e l l  w a l l s  o f  neoformans were s u b j e c t e d  t o  h y d r o l y s i s  by p u r i f i e d  
c h i t i n a s e .  The r e s u l t s  o f  t h i s  experiment  a r e  shown i n  Tab le  7. I t  
w i l l  be seen t h a t  N -a c e ty lg lu c o s am in e  was r e a d i l y  l i b e r a t e d  from 
c h i t i n ,  however  none, was l i b e r a t e d  from t h e  i s o l a t e d  c e l l  w a l l  f r a c t i o n ,  
i n d i c a t i n g  t h e  absence  o f  c h i t i n .
S e r o l o g i c a l  Tes ts
The s e r o l o g i c a l  methods used in t h i s  s t u d y  c o n s i s t e d  of  whole 
c e l l  tube  a g g l u t i n a t i o n ,  a ga r  g e l  d i f f u s i o n ,  and p a s s i v e  cu taneous
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f i g u r e  9. Chromatogram comparing hyd ro lyzed  whole c e l l s  and 
c e l l  f r a c t i o n s  from Cryp tococcus  neo fo rm ans ; (1) z e o l i t e  g h o s t s ,  (2)
c e l l  w a l l s ,  (3) e n c a p s u l a t e d  whole c e l l s ,  (4) d e c a p s u l a t e d  whole c e l l s ,  
(5)  mannan ( z e o l i t e  g h o s t s ) ,  (6)  mannan (whole c e l l s ) ,  (7) c a p s u l a r  
p o l y s a c c h a r i d e ,  (8)  pheno l  e x t r a c t  (water  p h a s e ) .  The two o u t s i d e  
columns (S) a r e  t h e  s u g a r  s t a n d a r d s :  i n  d e sce nd ing  o r d e r ,  Gl.AMD-
g l u c u r o n i c  a c i d ,  GAL.“ D - g a l a c t o s e ,  GLU.=D-glucose, MAN,*D-mannose, XYL» 
D-xy lo se ,  R IB .* D -r ib o se ,  Gu .LA.«D-glucuronolac tone,
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# #  #  # «LA.
XVL
tu . LA.
Figure  10. Chromatogram comparing h y d r o l y s a t e s  of s o l u b l e  
f r a c t i o n  i s o l a t e d  from Cryp tococcus  n e o fo rm ans ; (1) z e o l i t e  s u p e r n a t e ,
(2)  Braun homogenate ,  (3) c u l t u r e  f i l t r a t e ,  (4) c y top la sm ic  m a t e r i a l ,
(5)  s o n i c a t e d  e n c a p s u l a t e d  c e l l s ,  (6) s o n ic a t e d  d e c a p s u l a t e d  c e l l s .  The 
two o u t s i d e  columns (S) a r e  t h e  s u g a r  s t a n d a r d s :  in  d e sce nd ing  o r d e r ,
GL.A.»D-g lucuronic  a c i d ,  GAL.“ D - g a l a c t o s e ,  GLU.=D-glucose, MAN.»D-mannose, 
XYL.“ D-xy lose ,  RIB.“ D - r i b o s e ,  GU.LA.“ D - g lu c u r o n o la c to n e .
TABLE 7
QUALITATIVE DETERC-tlNATION OF N-ACETYLGLUCOSAMINE AFTER CHITINASE 
HYDROLYSIS OF CELL WALL ISOLATED FROM CRYPTOCOCCUS NEOFORMANS
Tube S u b s t r a t e
R e a c t io n a t  :
Number ( 8 .0  mg)
3 Days 5 Days 7 Days 10 Days
I C e l l  Wall 0 0 0 0
2 C e l l  W all 0 0 0 0
3 C h i t i n 24- 34- 34- 44-
4 C h i t i n 14- 14- 14- 34-
5 C h i t i n 24- 24- 24- 24-
6 C h i t  in 24- 24- 24- 24-
7 - 0 0 0 0
S ta n d a rd ^ - 44- 44- 44- 44-
N3
10 ug N - a c e t y l g l u c o s a m l n e / 0 . 2 ml.
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a n a p h y la x is .  In th e  a g a r  g e l  d i f f u s i o n  method, u se  o f  a  1 .0  pe r  cen t  
ag a r  in  b a r b i t a l  b u f f e r e d  NaCl (pH 7 .4 )  and i n c u b a t io n  o f  th e  charged 
p e t r i  d is h e s  a t  25 C proved to  be o p t im a l  f o r  t h e  developm ent of 
p r e c i p i t i n  bands .  When phospha te  b u f f e r e d  NaCl was used ,,  t h e  p r e c i p ­
i t i n  bands were more d i f f u s e  than  th o s e  formed w i t h  b a r b i t a l  b u f f e r .  
Fu r the rm ore ,  in  c e r t a i n  c a s e s ,  a n o n - s p e c i f i c  p r e c i p i t i n  band appeared 
w i th  th e  pho sp h a te  b u f f e r e d  a g a r ,  w hereas  i t  was e l im in a te d  by th e  use 
o f  th e  b a r b i t a l  b u f f e r .
In o r d e r  t o  d e te rm in e  w hether  use  o f  t h e  p a s s iv e  cu taneous 
a n a p h y la x is  t e s t  (PGA) was f e a s i b l e  f o r  th e  d e t e c t i o n  o f  a n t ib o d y ,  
th e  fo l lo w in g  p r e l i m i n a r y  experim en ts  were pe rfo rm ed .  To t e s t  fo r  
t o x i c i t y  of th e  a n t i s e r a  and fo r  any n o n - s p e c i f i c  a f f e c t s  o f  th e  
Evan 's  b lu e  dye , 2 gu inea  p ig s  w ere s e n s i t i z e d  by th e  method d e s ­
c r ib e d  in  Chapter I I ,  A f t e r  a l a t e n t  p e r io d  o f  3 h r  th ey  were 
i n j e c t e d  in t r a v e n o u s ly  w i th  5 .0  mg E van 's  b lu e  c o n ta in e d  in  1 .0  ml of 
0 .85  p e r  c e n t  NaCl. A f t e r  30 min th e  r e a c t i o n s  w ere r e c o r d e d .  The 
an im als  were th e n  im m edia te ly  i n j e c t e d  in t r a v e n o u s ly  w i th  1 .0  mg cap ­
s u l a r  p o ly s a c c h a r id e  a n t i g e n  and 45 min l a t e r  th e  r e a c t i o n s  were 
r e c o rd e d .  The r e s u l t s  o f  t h i s  experim ent a r e  shown i n  T ab le  8. No 
r e a c t i o n s  o c c u rre d  a f t e r  c h a l le n g e  w i th  E van 's  b lu e  a lo n e .  However, 
when c h a l len g e d  w i th  a n t i g e n  the  same g u in ea  p ig s  d e m o n s tra ted  t y p i c a l  
PCA r e a c t i o n s .  These d a ta  in d ic a te d  t h a t  th e  a n t i s e r a  and th e  E van 's  
b lu e  dye were n o n - to x ic  and caused no n o n - s p e c i f i c  r e a c t i o n s .
I t  was n e c e s s a ry  to  de te rm ine  th e  o p t im a l  a n t i g e n  concen­
t r a t i o n  n e c e s s a ry  t o  e l i c i t  the maximum PCA r e a c t i o n .  The d a ta  p r e ­
se n te d  in  Table  9 summarize th e  r e s u l t s  o f  t h i s  e x p e r im e n t .  There
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TABLE 8
RESULTS OF TESTS FOR TOXICITY AND NON-SPECIFIC REACTIONS 
IN THE PASSIVE CUTANEOUS ANAPHYLAXIS TEST
D iam eter (mm) o f  R eac tio n
a
A ntiserum
D i lu t io n Evan ' s Blue Dye^ C ap su la r  P o ly sa c c h a r id e ^
Guinea Pig Guinea P ig  





1:16 0 0 13 14
1:32 0 0 14 12
1:64 0 0 11 10
1:128 0 0 9 8
1:256 0 0 8 6
1:512 0 0 6 5
0. 85% NaCl 0 0 0 0
NRS-1:10^ 0 0 0 0
0 ,1  ml, in t r a d e r m a l ly  ( a n t i - c r y p t o c o c c a l  whole c e l l  
w i th o u t  c a p s u le ) ,
^Readings made 30 min a f t e r  i n j e c t i o n ,
^Readings made 45 min a f t e r  i n j e c t i o n .
^Normal r a b b i t  serum
TABLE 9
EFFECT OF A'NTTGEN CONCENTRATION ON THE PASSIVE CUTATs'F.O'iS ANAPHYLAXIS TEST
D ia m e te r  (mm) o f  R e a c t io n
A n tise ru m ^
D i l u t i o n
0 .5  mg C a p s u la r  
P o l y s a c c h a r i d e
1 .0  mg 
PoLysac
C a p s u la r
c b a r i d e
2 .0  mg C a p s u la r  
P o l y s a c c h a r i d e
Guinea  P ig  
No. 1
Guinea P ig  
No. 2
Guinea  Pig  
No. 3
Guinea  P ig  
No, 4
Guinea P ig  
No, 5
G uinea  P ig  
No. 6
1 :1 6 12 11 13 14 13 13
1 :32 12 11 14 4 4 13 13
1 :6 4 10 9 11 11 11 11
1 :128 8 8 9 8 8 8
1 :2 5 6 6 6 7 7 7 6
1:512 4 5 5 6 5 5
NRS~1:10^ 0 0 1 0 1 0
0.85%  NaCl 0 0 0 0 0 0
Ln
0 .1  mlj i n t r a d e r m a l l y .  
^Normal r a b b i t  serum .
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would appear  to  be  l i t t l e  d i f f e r e n c e  in  th e  r e a c t i o n s  observed  w i th  
th e  3 a n t ig e n  c o n c e n t r a t i o n s  u s e d .  In th e  g u in ea  p ig s  t h a t  r e c e iv e d  
0 ,5  mg c a p s u la r  p o ly s a c c h a r id e ,  th e  r e a c t i o n s  were s l i g h t l y  s m a l le r  th an  
th o se  e l i c i t e d  by the  l a r g e r  d o s e s .  However, t h i s  d i f f e r e n c e  i s  proM 
b a b ly  o f  d o u b t f u l  s i g n i f i c a n c e .  There seemed to  be no d i f f e r e n c e  in  
th e  r e s u l t s  w i t h  th e  1 .0  mg and 2 .0  mg d o sa g es .  Based on th e s e  r e s u l t s ,  
in  subsequen t  ex p e r im e n ts  a 1 .0  mg dose  o f  a n t i g e n  was used s in c e  i t  
appeared  to  be t h e  low es t  c o n c e n t r a t i o n  which e l i c i t e d  th e  maximal 
PCA r e a c t i o n s .
In o r d e r  to  make com parisons between i n d i v i d u a l  a n t i s e r a  i t  
was n e c e s s a ry  t o  e s t a b l i s h  a s ta n d a r d  u n i t  o f  measurement fo r  t h e  PCA 
t e s t .  Thus, th e  PCA u n i t  was d e f in e d  a s  th e  r e c i p r o c a l  o f  th e  a n t i ­
serum d i l u t i o n  which e l i c i t e d  a PCA r e a c t i o n  o f  4 mm. This v a lu e  was 
chosen  on th e  b a s i s  o f  th e  d a t a  p r e s e n te d  in  T ab le  10. U n d i lu te d ,  
p o o led ,  normal r a b b i t  serum (NRS) gave an a v e ra g e  r e a c t i o n  o f  1 .0  mm 
and in  no i n s t a n c e  d id  th e  r e a c t i o n  exceed 3 mm in  d ia m e te r .  S a l in e  
(0 .85  p e r  c e n t  NaCl) and NRS d i l u t e d  1 :10  gave a v e ra g e  r e a c t i o n s  o f  
0 .2  mm and 0 .5  mm, r e s p e c t i v e l y ,  w i th  th e  m a j o r i t y  showing no r e a c t i o n .
A s ta n d a r d  r e a c t i v e  a n t i s e ru m  was in c lu d e d  to  p r e c lu d e  m i s i n t e r p r e t a ­
t i o n  o f  f a l s e  n e g a t iv e  r e a c t i o n s .  The s ta n d a rd  a n t i s e ru m  was d i l u t e d  
1:32 and , in  27 t r i a l s ,  i t  gave an  ave rage  r e a c t i o n  o f  12 .6  mm, w i th  
a ra n g e  of 11 t o  14 mm, A t y p i c a l  t i t r a t i o n  i s  shown in  F ig u re  11 and 
i l l u s t r a t e s  th e  r e s u l t s  o b ta in e d  w ith  an  a n t i s e ru m  c o n ta in in g  512 PCA 
u n i t s .
The second phase  of t h i s  i n v e s t i g a t i o n  was concerned w i th  th e  
im m unization o f  r a b b i t s  w i th  v a r i o u s  a n t i g e n  p r e p a r a t i o n s  in  o rd e r  to
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TABLE 10
SUMMARY OF CONTROL TESTS USED IN PASSIVE 
CUTANEOUS ANAPHYLAXIS
D iam eter (mm)
No. of Samples Showing D esignated R eac tions






U n d ilu ted
Standard^
A ntiserum
0 21 24 3 0
1 7 15 6 0
2 0 3 2 0
3 0 0 1 0
11 0 0 0 2
12 0 0 0 9
13 0 0 0 11
14 0 0 0 5
T o ta l 28 42 12 27
Average Diameter 0 .2 5 0. 5 1 .0 12,6
Pooled normal r a b b i t  serum.
^1:32 d i l u t i o n  of a n t i s e ru m  t o  c r y p to c o c c a l  whole c e l l  w ith o u t  







F ig u re  11, A t y p i c a l  p a s s iv e  c u tan eo u s  a n a p h y la x is  t e s t  
the  guinea p ig  u s in g  c rude  c a p s u la r  p o ly s a c c h a r id e  as a n t ig e n  and 
r a b b i t  a n t i s e ru m  t o  Cryp tococcus neoform ans.
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o b ta in  s u i t a b l e  a n t i s e r a  fo r  u s e  in  subsequen t work. Four m ajor c o n s id e r ­
a t i o n s  were in v o lv e d  in  t h i s  p h ase  o f  the  work: (1) th e  o p t im al  t im e
fo r  o b ta in in g  maximal a n t ib o d y  t i t e r s ,  (2) th e  number of a n t ig e n  
i n j e c t i o n s  n e c e s s a ry  to  rea c h  maximal a n t ib o d y  t i t e r s ,  (3) th e  r o u t e  
o f  im m unization and th e  e f f e c t  o f  com plete  ad juvan t on t h e  immune 
r e s p o n s e ,  and (4) t h e  ty p e s  o f  a n t ib o d y  formed d u r in g  th e  im m unization 
schedu le .
The a g g l u t i n a t i n g  a n t ib o d y  t i t e r s  fo llow ing  im m unization o f  
in d iv i d u a l  r a b b i t s  w i th  neoform ans whole d e c a p s u la te d  c e l l s  a r e  
p re s e n te d  in  F ig u re  12. Some v a r i a t i o n  occu rred  in  th e  maximal a n t i ­
body t i t e r s .  In each  r a b b i t  t h e  an t ib o d y  t i t e r  began t o  d e c l in e  6 to  8 
days a f t e r  th e  l a s t  i n j e c t i o n  o f  a n t ig e n .  From th e s e  d a t a  i t  was 
concluded t h a t  th e  o p t im a l  b l e e d in g  time was 6 days p o s t - i n j e c t i o n .
The r e s u l t s  i l l u s t r a t e d  a t y p i c a l  " n e g a t iv e  phase"  and an  anam nes tic  
re sp o n se  t o  i n j e c t i o n  o f  homologous a n t ig e n .  Another n o t a b l e  f e a t u r e  
was th e  r a p id  d e c l i n e  o f  a g g l u t i n a t i n g  a n t ib o d y  t i t e r s  a f t e r  c e s s a t i o n  
o f  a n t ig e n  i n j e c t i o n s .
A com parison o f  th e  a v e ra g e  a g g lu t in a t in g  a n t ib o d y  t i t e r s  
fo llow ing  im m unization o f  r a b b i t s  w i th  whole c e l l s  w i th  and w i th o u t  
c a p s u le ,  z e o l i t e  g h o s t s ,  and c e l l  w a l ls  i s  shown in  F ig u re  13. Each 
l i n e  r e p r e s e n t s  an a v e ra g e  o f  r e s u l t s  o b ta in e d  from 3 r a b b i t s  immunized 
in t r a v e n o u s ly .  In o r d e r  to  s t i m u la t e  maximal a n t ib o d y  t i t e r s ,  i t  was 
n e c e s sa ry  to  use  a t  l e a s t  5 i n j e c t i o n  s e r i e s ,  i . e .  25 i n j e c t i o n s  o f  
a n t ig e n  over a 10 week p e r io d .  The a n t ib o d y  re sp o n se  to  th e  z e o l i t e  
g h o s ts  was much h ig h e r  th an  th o s e  to  th e  whole c e l l s  or to  c e l l  w a l l s .
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F ig u re  12. A g g lu t in a t in g  A ntibody T i t e r s  Follow ing  Immuniza­













A ntiserum  t o :
° ° ° Z e o l i t e  Ghosts
" " " Whole C e l ls  W ithout Capsule
•— • •  C e l l  Walls
■o Whole C e l ls  With Capsule
4096 —












1 20 43 5
INJECTION SERIES
Figu re  13. Comparison o f  th e  average  a g g l u t i n a t i n g  a n t ib o d y  
t i t e r s  fo l lo w in g  im m unization  o f  r a b b i t s  w i th  whole c e l l s  w i th  and 
w i th o u t  c a p s u le ,  z e o l i t e  g h o s ts  and c e l l  w a l l s  i s o l a t e d  from C ryptococcus 
neoform ans.
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a g g l u t i n a t i n g  a n t ib o d y  t i t e r  o f  1 :4 ,0 9 6 ,  w hereas r a b b i t s  immunized w i th  
e n c a p s u la te d  whole c e l l s ,  d e c a p s u la te d  whole c e l l s ,  and w i th  c e l l  w a l l s  
responded  w i th  a v e ra g e  serum t i t e r s  o f  1 :7 ,  1 :160 , and 1 :3 2 ,  r e s p e c t i v e l y .
A com parison o f  th e  a g g l u t i n a t i n g  and PCA a n t ib o d y  re sp o n se s  
to  in t r a v e n o u s  i n j e c t i o n  o f  v a r io u s  a n t i g e n s  i s  shown in  Table  11. A 
s e r i e s  o f  3 r a b b i t s  was immunized w i th  each  o f  th e  a n t i g e n s ,  excep t in  
th e  c a se  o f  d e c a p s u la te d  whole c e l l s  where 4 r a b b i t s  were used . Immuni­
z a t i o n  o f  r a b b i t s  w i th  z e o l i t e  g h o s ts  r e s u l t e d  in  a g g l u t i n a t i n g  a n t ib o d y  
t i t e r s  r a n g in g  from 1:2048 to  1 :8192 , w hereas  w i th  th e  o t h e r  p a r t i c u l a t e  
a n t i g e n s  t i t e r s  o f  on ly  1:1 to  1:256 were o b ta in e d .  In g e n e r a l ,  low er 
a g g l u t i n a t i n g  a n t ib o d y  t i t e r s  w ere  th e  r u l e  w i th  s o n ic a t e d  a n t ig e n s  th an  
w i th  i n t a c t  c e l l s .  R e s u l t s  a l s o  showed t h a t  i n  most c a s e s  the  PCA 
t i t e r s  exceeded th e  a g g l u t i n a t i n g  a n t ib o d y  t i t e r s  tw o - to  f o u r - f o l d .
This  was e s p e c i a l l y  t r u e  w i th  a n t i s e r a  t o  whole c e l l s  and t o  o th e r  
p a r t i c u l a t e  a n t i g e n s .  There was on ly  a  m inimal PCA a n t ib o d y  re s p o n s e  
to  th e  s o l u b i l i z e d  c e l l  a n t i g e n s .  No PCA or  a g g l u t i n a t i n g  a n t ib o d y  was 
d e t e c t e d  in  a n t i s e r a  o b ta in e d  from r a b b i t s  immunized in t r a v e n o u s ly  w i th  
c a p s u l a r  p o ly s a c c h a r id e  or c y to p la sm ic  m a t e r i a l .
In  o rd e r  to  fo llo w  th e  p r o g r e s s iv e  changes in  a n t ib o d y  re s p o n s e  
d u r in g  im m uniza tion , 2 s e r i e s  o f  a n t i s e r a  were s e l e c t e d  f o r  d e t a i l e d  
s tu d y .  One s e r i e s  was from a r a b b i t  (No. Ej^) immunized w i th  e n cap su ­
l a t e d  whole c e l l s  and th e  o t h e r  was from a r a b b i t  (No. G2 ) which 
r e c e iv e d  d e c a p s u la te d  whole c e l l s .  Each a n t i s e ru m  was a ssayed  fo r  b o th  
PCA and a g g l u t i n a t i n g  a n t ib o d y  and th e  r e s u l t s  a r e  shown i n  F igu re  14.
The r a b b i t  immunized w i th  e n c a p s u la te d  whole c e l l s  and th e  animal 
immunized w i th  d e c a p s u la te d  whole c e l l s  gave f i n a l  a g g l u t i n a t i n g  a n t i -
TABLE 1 1
COMPARISON OF AGGLUTINATING AND PA SSIV E CUTANEOUS ANAPHYLAXIS ANTIBODY RESPONSE IN
R ABBITS IMMUNIZED INTRAVENOUSLY WITH ANTIG ENS OBTAINED
FROM CRYPTOCOCCUS NEOFORMANS
A n tise ru m
To:
R a b b i t
Number
A g g l u t i n a t i n g  A n t ib o d y  
T i t e r  
(Whole C e l l s )
PCA U n i t s  
(C a p s u la r  
P o l y s a c c h a r i d e )
Z e o l i t e  G hosts ZG—^ 1:2048 _a
ZG-„ 1 :2048
ZG-3 1 :8192
Whole D e c a p s u la te d  C e l l s Gi 1 :128 512
G2 1:128 512
Gy 1 :128 -
GlO 1 :2 5 6 1024
Whole E n c a p s u la te d  C e l l s El 1 :1 6 64
Eo 1 :4 8
E3 1 :1 2
Crude C e l l  W alls h 1 :32 256
l2 1 :1 6 64
1 :1 6 64




TABLE l l - - C o n t i n u e d
COMPARISON OF AGGLUTINATING AND PA SSIV E CUTANEOUS ANAPHYLAXIS ANTIBODY RESPONSE IN
RABBITS IMMUNIZED INTRAVENOUSLY WITH ANTIGENS OBTAINED
FROM CRYPTOCOCCUS NEOFORMANS
A n tise ru m R a b b i t A g g l u t i n a t i n g  A n t ib o d y PCA U n i t s
To; Number T i t e r (C a p s u la r
(Whole C e l l s ) P o l y s a c c h a r i d e )
S o n ic a te d  D e c a p s u la te d  C e l l s Hi 1 :1 u
«2 1 :4 u
«3 1:2 u
C y to p la sm ic  M a t e r i a l J l 0 0
J2 0 0
^3 0 0




^Only u n d i l u t e d  a n t i s e r a g av e  a  r e a c t i o n o f  4 mm o r  g r e a t e r .
0 0-o
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S o l id  L ines  -  Anti-W hole C e l l  W ithout Capsule 










41 2 3 50
INJECTION SERIES
F ig u re  14. Comparison o f  a g g l u t i n a t i n g  and p a s s iv e  cu taneous  
a n a p h y la x is  a n t ib o d y  t i t e r s  fo l lo w in g  im m unization o f  r a b b i t s  w i t h  
fo rm a l in iz e d  C ryp tococcus  neo fo rm ans .
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body t i t e r s  o f  1 :16  and 1 :128 , r e s p e c t i v e l y .  The f i n a l  PCA t i t e r s  were 
64 and 512, r e s p e c t i v e l y .  E a r ly  i n  th e  im m unization, however, th e  PCA 
t i t e r  was low as compared to  t h e  a g g l u t i n a t i n g  a n t ib o d y  t i t e r  in  th e  
r a b b i t  immunized w i th  d e c a p s u la te d  w hole  c e l l s .  The PCA t i t e r  in c re a s e d  
g r a d u a l ly  a f t e r  th e  second week o f  th e  i n j e c t i o n  s e r i e s  and su rp a s se d  
th e  a g g l u t i n a t i n g  a n t ib o d y  t i t e r .  In  th e  r a b b i t  immunized w i th  encapsu ­
l a t e d  w ho le  c e l l s  t h e r e  was e s s e n t i a l l y  no d i f f e r e n c e  in  th e  l e v e l s  o f  
t h e  2 ty p es  o f  a n t i b o d i e s .
The a g g l u t i n i n  and p r e c i p i t i n  re sp o n se s  to  d e c a p s u la t e d  whole 
c e l l s  i n j e c t e d  s u b c u ta n e o u s ly , w i th  o r  w i th o u t  F re u n d 's  com plete  
a d ju v a n t ,  i n t o  each  o f  3 r a b b i t s  a r e  shown in  Table 12. The a g g l u t i n i n  
t i t e r s  in  t h e s e  a n im a ls  were low er th a n  th o se  in  a n im a ls  which had 
r e c e iv e d  th e  same m a t e r i a l  i n t r a v e n o u s l y  w i th o u t  a d ju v a n t  (T ab le  11) .
In  no i n s t a n c e  d id  t h e  a g g l u t i n a t i o n  t i t e r s  exceed 1 :4 .  The u se  o f  
a d ju v a n t  d id  n o t  a p p e a r  t o  e f f e c t  t h e  a n t ib o d y  t i t e r s  s i g n i f i c a n t l y .
The number o f  p r e c i p i t i n  bands o b ta in e d  w ith  t h e s e  a n t i s e r a  ranged  from 
2 to  6, and t h e s e  r e s u l t s  a r e  s i m i l a r  t o  th o se  observed  w i th  o th e r  
f r a c t i o n s  i n j e c t e d  i n t r a v e n o u s l y  (Table  18).
The e f f e c t  o f  a d ju v a n t  on th e  immune re s p o n s e  t o  c e l l  w a l l  and 
c a p s u la r  p o l y s a c c h a r i d e  o f  i n d i v i d u a l  r a b b i t s  i s  shown in  T ab le  13.
No a n t ib o d y  r e s p o n s e  t o  e i t h e r  s u b s ta n c e  was d e te c te d  by th e  a g g l u t i n ­
a t i o n  and PCA t e s t s .  However, 1 p r e c i p i t i n  band was o b ta in e d  when 
th e  a n t i s e r a  to  c e l l  w a l l s  were r e a c t e d  w i th  z e o l i t e  s u p e rn a te  by th e  
doub le  d i f f u s i o n  te c h n iq u e .  No a n t ib o d y  could  be d e t e c t e d ,  by any 
s e r o l o g i c a l  t e c h n iq u e ,  i n  th o s e  r a b b i t s  which had been immunized w ith  
c a p s u la r  p o l y s a c c h a r i d e .  In a n o th e r  e x p e r im en t ,  each o f  3 r a b b i t s
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TABLE 12
EFFECT OF ADJUVANT ON THE IMMUNE RESPONSE IN RABBITS IMMUNIZED 
SUBCUTANEOUSLY WITH FORMALINIZED DECAPSULATED 
WHOLE CELLS OF CRYPTOCOCCUS NEOFORMANS
R abb it Weeks A f te r A g g lu t in a t in g Number o f
Number I n j e c t i o n A ntibody  T i t e r P r e c i p i t i n  Bands
(Whole C e l l s ) ( z e o l i t e  s u p e rn a te
With A djuvant
SQA-1 0 2
4^ 1 :1 4
1 :2 5
8*^ 1 :2 6
SQA-2 2 0 2
4 1 :1 4
6 1 :1 5
8 1 :1 5
SQA-3 2 0 4
4 1 :1 4
6 1:2 5
8 1 :4 5
Without Adjuvant
SQ-I 2 0 3
4 1 :1 4
6 1 :4 4
8 1 :4 4
SQ-2 2 1 :1 2
4 1 :4 4
6 1 :8 4
8 1 :8 5
8 8
TABLE 12- -C o n tin u e d
EFFECT OF ADJUVANT ON THE IMMUNE RESPONSE IN RABBITS IMMUNIZED 
SUBCUTANEOUSLY WITH FORMALINIZED DECAPSULATED 
WHOLE CELLS OF CRYPTOCOCCUS NEOFORMANS
Rabbit Weeks A f t e r A g g lu t in a t in g Number of
Number I n j e c t i o n Antibody T i t e r P r e c i p i t i n  Bands
(Whole C e l l s ) ( z e o l i t e  su p e rn a te
W ithout Adjuvant




^Two weeks a f t e r  p r im ary  i n j e c t i o n .  
^Two weeks a f t e r  b o o s te r  i n j e c t i o n .
^Four weeks a f t e r  b o o s te r  i n j e c t i o n .  
'^Six weeks a f t e r  b o o s te r  i n j e c t i o n .
TABLE 13
COMPARISON OF AGGLUTINATING, PREC IPITA TING , AND PA SSIV E CUTANEOUS ANAPHYLAXIS ANTIBODY
RESPONSE IN RABBITS IMMUNIZED SUBCUTANEOUSLY WITH CELL WALLS AND CAPSULAR
POLYSACCHARIDE OBTAINED FROM CRYPTOCOCCUS NEOFORMANS
A n tise ru m
To:
R a b b i t
Number
A g g l u t i n a t i n g  
A n tib o d y  T i t e r  
(Whole C e l l s )
PCA U n i t s  
( C a p s u la r  
P o l y s a c c h a r i d e )
Number o f  
P r e c i p i t i n  Bands 
( Z e o l i t e  
S u p e r n a t e )
Crude C e l l  W alls Qi 0 0 1
Q2 0 0 1
Qs 0 0 1
Crude C a p s u la r Si 0 0 0
P o l y s a c c h a r i d e
S2 0 0 0
S3 0 0 0




w ere  i n j e c t e d  v i a  th e  t o e  pad w i th  0 .3 6 ,  3 .6 ,  36 and 360 ug o f  crude  
c a p s u l a r  p o ly s a c c h a r id e  g iv en  a s  a s i n g l e  d o se .  Again, no an t ib o d y  
co u ld  be d e t e c t e d  by any o f  t h e  s e r o l o g i c a l  t e c h n iq u e s .
The immune r e s p o n s e  o f  3 r a b b i t s  t o  t h e  i n t r a p e r i t o n e a l  
i n j e c t i o n  o f  d e c a p s u la t e d  whole c e l l s  i s  shown in  Table  14. Very low 
a g g l u t i n a t i n g  a n t ib o d y  t i t e r s  were o b ta in e d .
The fo re g o in g  r e s u l t s ,  p a r t i c u l a r l y  t h o s e  shown in  Tables 4 
and 11, su g g e s te d  t h a t ,  w i th  th o se  a n t i g e n s  c o n ta in in g  r e l a t i v e l y  l a r g e  
amounts o f  p o l y s a c c h a r i d e ,  e s p e c i a l l y  th e  s o l u b l e  a n t ig e n s ,  th e  a n t ib o d y  
t i t e r s  were v e ry  low a s  measured by th e  a g g l u t i n a t i o n  and PCA t e s t s .  
S i m i l a r l y ,  t h e  a n t ib o d y  t i t e r s  induced  by e n c a p s u la te d  whole c e l l s  were 
r e l a t i v e l y  low compared to  th o s e  induced  by t h e  d e c a p s u la te d  c e l l s  and 
th e  z e o l i t e  g h o s t s  (T ab le  11 ) .  These f in d i n g s  prompted the  t h i r d  phase  
o f  t h i s  i n v e s t i g a t i o n ,  namely, s tu d y  o f  th e  e f f e c t  o f  i s o l a t e d ,  s o lu b le  
c a p s u l a r  p o ly s a c c h a r id e  on th e  immune r e s p o n s e  t o  th e  homologous decapsu- 
l a t e d  c e l l s  and t o  h e te r o lo g o u s  a n t i g e n s ,  such  a s  typho id  "H" v a c c in e  
and bov ine  serum a lbum in . I t  had been  n o te d  p r e v io u s ly  (Table 4) 
t h a t  th e  t o t a l  c a rb o h y d ra te  o f  e n c a p s u la te d  whole  c e l l s  exceeded t h a t  
o f  d e c a p s u la t e d  c e l l s  by 360 ug /m l. This  d i f f e r e n c e  was a l s o  seen  in  the  
2 homologous s o n ic a te d  a n t i g e n s .  D uring  th e  com plete  cou rse  o f  
im m un iza tion , th o se  r a b b i t s  which had r e c e iv e d  whole e n c a p su la te d  c e l l s  
o r  s o n ic a t e d  e n c a p s u la te d  c e l l s  r e c e iv e d  a p p ro x im a te ly  25 mg more 
p o ly s a c c h a r id e  th an  th o s e  t h a t  had r e c e iv e d  d e c a p s u la te d  a n t ig e n s .  
T h e r e f o r e ,  an e q u iv a l e n t  amount o f  c a p s u l a r  p o ly s a c c h a r id e  was added 
t o  t h e  d e c a p s u la te d  whole  c e l l  a n t i g e n  such t h a t  th e  t o t a l  c a rb o h y d ra te  
c o n te n t  was 1 .0  mg/ml. A s e r i e s  o f  7 r a b b i t s  was then  immunized w ith
TABLE 14
EFFECT OF INTRAPERITONEAL INJECTION OF ANTIGEN ON THE IMMUNE RESPONSE TO FORMALINIZED
DECAPSULATED CRYPTOCOCCUS NEOFORMANS WHOLE CELLS
R a b b i t
Number
I n j e c t i o n
S e r i e s
Week® A g g l u t i n a t i n g  
A n t ib o d y  T i t e r  
(Whole C e l l s )
Number o f  
P r e c i p i t i n  Bands 
( Z e o l i t e  S u p e r n a t e )
I P l 1 I 0 1
2 0 3
2 3 1:1 3
4 1:2 4
3 5 1:2 4
6 1:2 4
IP 2 1 1 0 02 0 2
2 3 1:1 3
4 1:2 4
3 5 1:2 4
6 1 :2 4
IP 3 1 1 0 0
2 1:1 3
2 3 1:1 3
4 1:1 3
3 5 1 :1 3
6 1:1 3
Weeks d u r in g  c o m p le te  c o u r s e  o f  im m u n iz a t io n .
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t h i s  p r e p a r a t i o n .  The r e s u l t s  o f  t h i s  experim ent a r e  p r e s e n te d  in  
Table  15.
A l l  7 o f  th e  an im a ls  d i e d  d u r in g  th e  c o u rs e  o f  th e  s tu d y .
Death  o c c u rre d  a f t e r  th e  r a b b i t s  had r e c e iv e d  an a v e ra g e  o f  9 i n j e c t i o n s  
o f  a n t i g e n ,  i . e .  an a v e ra g e  o f  9 mg c a p s u la r  p o ly s a c c h a r id e .  Death 
o c c u r re d  16 ro  19 days a f t e r  th e  f i r s t  i n j e c t i o n  o f  a n t i g e n ,  and a p p ro x ­
im a te ly  36 h r  a f t e r  th e  l a s t  i n j e c t i o n  o f  a n t ig e n .  However, th e  
i n d i v i d u a l  an im als  shows c o n s id e r a b l e  v a r i a b i l i t y  i n  b o th  o f  t h e s e  
a s p e c t s .
A l l  o f  the  d e a th s  seemed to  fo l lo w  a s i m i l a r  p a t t e r n .  The 
head o f  th e  an im al  was p u l le d  backward and a p ink  o r  r e d  ex u d a te  appeared  
around th e  mouth and e x t e r n a l  n a r e s .  With 5 o f  th e  7 r a b b i t s  a c o n s id ­
e r a b l e  q u a n t i t y  o f  b lood  was found in  th e  d ropp ing  pan. The blood  
ap p eared  t o  have come from t h e  n o se .  Death always o c c u rre d  a f t e r  a 
s e r i e s  o f  in t r a v e n o u s  i n j e c t i o n s  and nev e r  a f t e r  b lo o d  c o l l e c t i o n  by 
c a r d i a c  p u n c tu re .  With th e s e  r a b b i t s ,  on ly  1 t o  3 t r i a l  b l e e d in g s  cou ld  
be made. In no case  d id  a g g l u t i n a t i n g  a n t ib o d y  t i t e r s  exceed 1 :4  and 
such  l e v e l s  o c c u rre d  in  o n ly  2 r a b b i t s .  Zero t i t e r s  w ere  o b ta in e d  
w i th  3 r a b b i t s  and t i t e r s  o f  1:2 were observed w i th  th e  rem a in in g  
2 a n im a ls .
S h o r t ly  a f t e r  d e a th ,  each  r a b b i t  was a u to p s i e d  and r e p r e s e n t ­
a t i v e  sam ples o f  h e a r t ,  lu n g ,  b r a i n ,  k id n e y ,  l i v e r ,  and s p le e n  were 
removed and examined h i s t o l o g i c a l l y .  The m ic ro sc o p ic  lung  p i c t u r e  was 
t h a t  o f  s e v e r e ,  a c u te ,  pulmonary edema which seemed to  be th e  p r im ary  
c a u se  o f  d e a th .  The h e a r t  s e c t i o n s  showed e x te n s iv e  p a th o lo g y ,  b u t ,  a 
com p le te  e x a m in a t io n  cou ld  n o t  be made due to  u n a v a i l a b i l i t y  o f  th e
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TABLE 15
EFFECT OF CAPSULAR POLYSACCHARIDE FROM CRYPTOCOCCUS 





P o ly s a c c h a r id e
(mg)
Hours A f te r  
L a s t  
I n j e c t  ion
A g g lu t in a t in g
Antibody
T i t e r ‘d
1 15 36 1:4
2 11 18 0
3 6 12 0
4 10 40 1:4
5 10 80 0
6 14 20 1:2
7 8 24 1:2
Average 9 .1 36 -
^ T o ta l  amount o f  c a p su la r  p o ly s a c c h a r id e  g iv en  up to  tim e 
o f  d e a th .
^Hours a f t e r  l a s t  i n j e c t i o n  o f  a n t ig e n  t h a t  d e a th  o ccu rred .
'Blood c o l l e c t e d  p r i o r  to  d e a th .
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p roper  s e c t i o n s .  I t  was assumed t h a t  th e  h e a r t  pa tho logy  was secondary  
to  th e  pulmonary edema. No p a th o lo g y  was observed  in  th e  o th e r  organs 
examined. In th e  s e c t i o n  s t a i n e d  f o r  fu n g i  w i th  M ayer's m ucicarmine 
s t a i n ,  t h e r e  was no e v id e n c e  o f  c ry p to c o c c a l  c e l l s  in  any o f  th e  t i s s u e s  
s tu d i e d .  I t  was concluded  t h a t  th e  p a th o lo g ic a l  p i c t u r e  observed  was 
c o n s i s t a n t  w i th  t h a t  seen  i n  s y s te m ic  a n a p h y la x is .
The av e ra g e  a g g l u t i n a t i n g  a n t ib o d y  re sp o n se s  in  th e  r a b b i t s  
which were i n j e c t e d  w i th  d e c a p s u la te d  whole c e l l s  p lus  c a p s u la r  p o ly s a c ­
c h a r id e  (Table 1 5 ) ,  d e c a p s u la te d  whole c e l l s  a lo n e ,  e n c a p s u la te d  whole 
c e l l s  a lo n e ,  and c a p s u la r  p o ly s a c c h a r id e  a lo n e  a r e  shown in  F ig u re  15.
No a n t ib o d y  was d e t e c t a b l e  in  serum from r a b b i t s  immunized w i th  c a p s u la r  
p o ly s a c c h a r id e .  Very low t i t e r s  were o b ta in e d  i n  r a b b i t s  r e c e iv in g  
e n c a p su la te d  whole  c e l l s  as  compared w ith  th o se  r e c e iv in g  d e c a p s u la te d  
whole c e l l s .  In r a b b i t s  immunized w i th  d e c a p s u la te d  c e l l s  p lu s  c a p s u la r  
p o ly s a c c h a r id e ,  i n t e r m e d ia t e  a n t ib o d y  l e v e l s  were seen. During the 
f i r s t  2 weeks o f  th e  im m unization  sc h e d u le ,  r a b b i t s  r e c e iv in g  
e n c a p s u la te d  whole c e l l s  d e m o n s tra ted  no a g g l u t i n a t i n g  a n t ib o d y  resp o n se .  
In th e  same p e r io d  a modest r e s p o n s e  o c c u rre d  in  those r a b b i t s  r e c e iv in g  
the  whole c e l l - c a p s u l a r  p o ly s a c c h a r id e  m ix tu re .
The r e s u l t s  o f  s tu d i e s  des igned  t o  measure the  e f f e c t  o f  c a p su ­
l a r  p o ly s a c c h a r id e  on th e  immune resp o n se  to  typhoid  "H" v a c c in e  a r e  
summarized in  Tab le  16. The a v e ra g e  a g g l u t i n a t i n g  an t ib o d y  t i t e r  
ob ta in e d  w i th  t h e  3 c o n t r o l  r a b b i t s  was 1 :4 ,7 7 8 ,  as compared w ith  
average  t i t e r s  o f  1 :9 ,5 5 7  and 1 :6 ,8 2 6  in  th e  r a b b i t s  t h a t  r e c e iv e d  
e i t h e r  5 .0  mg and 25 .0  mg c a p s u la r  p o ly s a c c h a r id e ,  r e s p e c t i v e l y .  The 
c a p s u la r  p o ly s a c c h a r id e  th u s  appeared  t o  have no e f f e c t .
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INJECTION SERIES
F ig u re  15, A g g lu t in a t in g  a n t ib o d y  re sp o n se s  in  r a b b i t s  immuni­
zed w ith  e n c a p s u la te d  and d e c a p s u la te d  whole c e l l s ,  d e c a p s u la te d  whole 
c e l l s  p lu s  c a p s u la r  p o ly s a c c h a r id e ,  and c a p s u la r  p o ly s a c c h a r id e .
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TABLE 16
EFFECT OF CAPSULAR POLYSACCHARIDE FROM CRYPTOCOCCUS 
NEOFORMANS ON THE IMMUNE RESPONSE IN RABBITS TO 
TYPHOID "H" VACCINE
P o ly s a c c h a r id e  
T o ta l  m g / r a b b i t
Rabbit
Number
A g g l u t in a t i n g  
A n tibody  T i t e r
Average
0 Typ-1 1 :2 ,0 4 8 1 :4 ,7 7 8
Typ-2 1 :8 ,1 9 2
Typ-3 1 :4 ,0 9 6
5 .0 Typ-4 1 :8 ,1 9 2 1 :9 ,5 5 7
Typ-5 1 :4 ,0 9 6
Typ-6 1 :1 6 ,3 8 4
2 5 .0 Typ-7 1 :8 ,1 9 2 1 :6 ,8 2 6
Typ-8 1 :4 ,0 9 6
Typ-9 1 :8 ,1 9 2
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S i m i l a r ly ,  c a p s u l a r  p o ly s a c c h a r id e  a p p eared  to  have no e f f e c t  
on th e  immune re s p o n s e  o f  r a b b i t s  to  bov ine  serum a lbum in  (BSA). A 
s e r i e s  o f  3 r a b b i t s  was immunized w i th  each  c o n c e n t r a t i o n  (5 .0  and 2 5 .0  
mg) o f  p o ly s a c c h a r id e .  I t  can be seen  from the  d a t a  p r e s e n te d  in  Table  
17 t h a t  i n  c o n t r o l  and t e s t  r a b b i t s  a n t ib o d y  r e s p o n s e s ,  a s  measured by 
th e  q u a n t i t a t i v e  p r e c i p i t a t i o n  t e s t  were ab o u t  th e  same. IWo r e p r e s e n t ­
a t i v e  q u a n t i t a t i v e  p r e c i p i t a t i o n  cu rves  a r e  p r e s e n te d  i n  F ig u re  16.
The t o t a l  m il l ig ra m s  o f  p r o t e i n  p r e c i p i t a t e d  was p l o t t e d  a g a in s t  m i l l i ­
grams BSA added , u s in g  r e s u l t s  o b ta in e d  w i th  1 c o n t r o l  r a b b i t  (BSA-1) 
and 1 t e s t  r a b b i t  (BSA-5). I t  i s  c l e a r  t h a t  th e  c a p s u l a r  p o ly s a c ­
c h a r id e  had no e f f e c t  on t h e  a n t ib o d y  re sp o n se  to  BSA and t h a t  t h e s e  
a n t i s e r a  d em o n s tra ted  t y p i c a l  q u a n t i t a t i v e  p r e c i p i t a t i o n  c u rv e s .
Using th e  r i n g  p r e c i p i t i n  t e s t ,  c a p s u la r  p o ly s a c c h a r id e  was 
d e t e c t e d  in  th e  serum o f  a l l  r a b b i t s  t h a t  had been immunized i n t r a v e n ­
o u s ly  w i th  c a p s u la r  p o ly s a c c h a r id e .  For t h i s  p u rp o s e ,  r a b b i t  serum 
was used a s  a n t ig e n  and a h ig h  t i t e r e d  (1 :4 ,0 9 6 )  a n t i s e r u m  to  z e o l i t e  
g h o s ts  was used as a n t ib o d y .  A p p ro p r ia te  c o n t r o l s  were employed, f o r  
example, normal r a b b i t  serum and pre-immune serum w ere  r e a c t e d  a g a i n s t  
th e  a n t i - z e o l i t e  g h o s ts  serum. In t h e s e  c o n t r o l s ,  no p r e c i p i t i n  bands 
cou ld  be d e t e c t e d .  Using t h i s  method, c a p s u la r  p o ly s a c c h a r id e  was a l s o  
d e te c te d  in  th e  s e r a  o f  r a b b i t s  immunized w i th  BSA p lu s  c a p s u la r  p o ly s a c ­
c h a r i d e ,  byphoid "H" v a c c in e  p lu s  c a p s u la r  p o ly s a c c h a r id e ,  and in  th o s e  
r a b b i t s  t h a t  r e c e iv e d  d e c a p s u la te d  whole c e l l s  p lu s  c a p s u la r  p o ly s a c ­
c h a r id e .  In t h i s  l a t t e r  s e r i e s  o f  r a b b i t s  i t  was p o s s i b l e  to  d e t e c t ,  in  
5 out o f  10 s e r a ,  c a p s u l a r  p o ly s a c c h a r id e  a n t ib o d y  and th e  c a p su la r  
p o ly s a c c h a r id e  e x i s t i n g  i n  th e  same serum s im u l ta n e o u s ly .  This was
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TABLE 17
EFFECT OF CAPSULAR POLYSACCHARIDE FROM CRYPTOCOCCUS 
NEOFORMANS ON THE IMMUNE RESPONSE IN RABBITS TO 
BOVINE SERUM ALBUMIN
P o ly s a c c h a r id e  




P r o te in  
(mg/ml)
Average
0 BSA-1 11.36 7.62
BSA-2 2.37
BSA-3 9 .14
2 5 .0 BSA-4 8.49 6.93
BSA-5 10.32
BSA-6 2.03
Q u a n t i t a t i v e  p r e c i p i t i n  d a ta .
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A n t i - b o v i n e  serum albumin c o n t r o l  
A n t i -b o v i n e  serum a lbumin p lu s  25 mg 
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MILLIGRAM BSA ADDED/MILLILITER
F igure  16. R e p r e s e n t a t i v e  q u a n t i t a t i v e  p r e c i p i t a t i o n  curves 
comparing t h e  an t ib o d y  r e s p o n s e s  i n  r a b b i t s  t o  bov ine  serum albumin 
a l o n e  and bov ine  serum albumin p lu s  25 mg c a p s u l a r  p o l y s a c c h a r i d e  from 
Cryp tococcus  neoformans .
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e s p e c i a l l y  t r u e  i n  t h o s e  r a b b i t s  whose a g g l u t i n a t i n g  a n t i b o d y  t i t e r s  
were h i g h ,  f o r  example,  r a b b i t s  No. 1, 4, 6 , and 7 (Tab le  15) .
A n t i g e n i c  A na ly s i s  
The f o u r t h  phase  o f  t h i s  i n v e s t i g a t i o n  d e a l t  w i t h  an a n t i g e n i c  
c h a r a c t e r i z a t i o n  o f  ^  neoformans and i t s  i s o l a t e d  c e l l  f r a c t i o n s  and 
a l s o  a s tu d y  of  t h e  e f f e c t  o f  v a r i o u s  e x t r a c t i o n  p r o c e d u r e s  on t h e  s e r o ­
l o g i c a l  r e a c t i v i t y  o f  t h e  c a p s u l a r  p o l y s a c c h a r i d e .  However, i t  was 
f i r s t  n e c e s s a r y  t o  o b t a i n  a s o l u b l e ,  s e r o l o g i c a l l y  r e a c t i v e  a n t i g e n  
which would produce t h e  maximal number o f  p r e c i p i t a t i o n  bands by the 
Ouchter lony  double  d i f f u s i o n  method.  For t h i s  p u r p o s e ,  4 s o l u b l e  
a n t i g e n s  were e v a l u a t e d  fo r  u s e  i n  t h e  double  d i f f u s i o n  t e s t s .  The 
r e s u l t s  a r e  p r e s e n t e d  i n  Tab le  18. I t  was conc luded  t h a t  t h e  z e o l i t e  
s u p e r n a t e  was s u p e r i o r  t o  t h e  s o n i c a t e ,  Braun homogenate ,  and th e  c u l t u r e  
f i l t r a t e .  Using t h i s  a n t i g e n ,  a maximum o f  6 p r e c i p i t i n  bands were 
seen w i t h  s e r a  from r a b b i t s  immunized w i t h  whole e n c a p s u l a t e d ,  decapsu ­
l a t e d  c e l l s  and s o n i c a t e d  d e c a p s u l a t e d  c e l l s .  Serum from a r a b b i t  
(ZGj^) immunized w i t h  t h e  z e o l i t e  g h o s t s  de m ons t ra ted  7 p r e c i p i t i n  
bands.  These r e s u l t s  a r e  a l s o  shown in  F igu re  17. I t  i s  a l s o  e v id e n t  
from t h e s e  d a t a  t h a t  t h e  p a r t i c u l a t e  a n t i g e n s  were s u p e r i o r  i n  s t i m u l a t i n g  
t h e  p r o d u c t i o n  o f  p r e c i p i t a t i n g  a n t ib o d y  i n  t h e  r a b b i t .  In  g e n e r a l ,  
the  s o n i c a t e d  a n t i g e n s  were poor  s t i m u l a t o r s  o f  p r e c i p i t a t i n g  an t ibody  
p r o d u c t i o n .  These r e s u l t s  c o r r e l a t e  w i t h  t h o s e  seen  i n  Table  11 
which shows t h a t  t h e  p a r t i c u l a t e  a n t i g e n s ,  i . e .  whole  c e l l s ,  c e l l  w a l l s ,  
and z e o l i t e  g h o s t s ,  were s u p e r i o r  a n t i g e n s  f o r  s t i m u l a t i n g  th e  p roduc­
t i o n  o f  a g g l u t i n a t i n g  and PCA a n t i b o d y .
TABLE 18
PRECIPITATING ANTIBODY RESPONSES IN RABBITS IMMUNIZED INTRAVENOUSLY WITH VARIOUS
SOLUBLE ANTIGENS OBTAINED FROM CRYPTOCOCCUS NEOFORMANS AS
MEASURED BY AGAR GEL DIFFUSION
A n t i s e r u m  To : R a b b i t
Number o f  P r e c i p i t i n Bands To :
Number
Z e o l i t e
S u p e r n a t e
S o n i c a t e Braun
Homogenate
C u l t u r e
F i l t r a t e
Whole E n c a p s u l a t e d E. 6 3 3 2
C e l l s E2 5 2 2 1
E'3 4 2 2 2
Whole D e c a p s u l a t e d Gi 6 3 1 3
C e l l s 6 3 3 3
G? 6 3 1 3
GlO 6 3 2 3
Z e o l i t e  G hos t s ZGj^ 7 3 3 3
ZG2 6 3 3 3
ZG3 6 3 3 3
Crude C e l l  W all s I I 3 3 1 t
I 2 3 3 1 1
I 3 3 2 1 1
TABLE 1 8 - - C o n t in u e d
PRECIPITATING ANTIBODY RESPONSES IN RABBITS IMMUNIZED INTRAVENOUSLY WITH VARIOUS
SOLUBLE ANTIGENS OBTAINED FROM CRYPTOCOCCUS NEOFORMANS AS
MEASURED BY AGAR GEL DIFFUSION
A n t i s e r u m  To; R a b b i t
Number o f  P r e c i p i t i n  Bands To:
Number
Z e o l i t e
S u p e r n a t e
S o n i c a t e Braun
Homogenate
C u l t u r e
F i l t r a t e
S o n i c a t e d  E n c a p s u l a t e d h 2 0 0 0C e l l s F2 1 0 0 0
% 3 1 0 1
S o n i c a t e d  D e c a p s u l a t e d «1 6 0 0 2
C e l l s % 5 3 0 2
% 3 1 0 1
C y t o p l a s m ic  M a t e r i a l 4 0 0 2
4 0 0 2
2 1 0 3
Crude C a p s u l a r P i 0 0 0 0
P o l y s a c c h a r i d e ^2 0 0 0 0




F i g u r e  17. A r e p r e s e n t a t i v e  a g a r  ge l  doub le  d i f f u s i o n  p l a t e  
d e m o n s t r a t i n g  a  t y p i c a l  p r e c i p i t i n  band p a t t e r n .  ZG. = a n t i - z e o l i t e  
g h o s t s ,  z s = z e o l i t e  s u p e rn a t e .
F igu re  18. Agar g e l  double  d i f f u s i o n  p l a t e  comparing uhe p o l y ­
s a c c h a r i d e  a n t i g e n s  ob ta in e d  from Cryptococcus neo fo rm ans . wp=phenol 
e x t r a c t  (wate r  p h a s e ) ,  cap=capsu la r  p o ly s a c c h a r i d e ,  e l = e l u t e d  c a p s u l a r  
p o l y s a c c h a r i d e ,  Z G = a n t i - z e o l i t e  g h o s t s .
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I t  w i l l  a l s o  be no ted  in  Table  18 t h a t  2 to  4 p r e c i p i t i n  bands 
were d e t e c t e d  w i t h  s e r a  from r a b b i t s  immunized w i th  c y to p l a s m i c  m a t e r i a l .  
I t  i s  o f  i n t e r e s t  t h a t  i n  t h e  same a n t i s e r a  no a g g l u t i n a t i n g  an t ibody  
could be dem ons t ra ted  (Table  11) .  The d a t a  p r e s e n t e d  in  Tab les  11 and 
18 a l s o  r e v e a l  t h a t  no p r e c i p i t a t i n g ,  a g g l u t i n a t i n g ,  or PCA a n t ib o d y  
was d e t e c t e d  i n  t h o se  r a b b i t s  t h a t  r e c e iv e d  c a p s u l a r  p o l y s a c c h a r i d e  
i n t r a v e n o u s l y .
S e v e ra l  methods were  used to  i s o l a t e  the  c a p s u l a r  p o l y s a c c h a r i d e  
from neo fo rm ans , namely,  s o n i c a t i o n  o f  whole c e l l s  fo l lowed  by p r e c i p ­
i t a t i o n  w i th  c o ld  e th a n o l  (F igure  2 ) ,  phenol  e x t r a c t i o n  (F ig u re  3 ) ,  
mannan e x t r a c t i o n  (F igure  4 ) ,  and s imple e l u t i o n .  E l u t i o n  was accom» 
p l i s h e d  by i n c u b a t i n g  f o r m a l i n i z e d  whole c e l l s  a t  37 C f o r  4 h r  and 
then i s o l a t i n g  t h e  p o l y s a c c h a r i d e  by cold e t h a n o l  p r e c i p i t a t i o n .  As 
can be seen in  F ig u re  18, t h e r e  were no d i f f e r e n c e s  between  the  p o l y s a c ­
c h a r i d e s  i s o l a t e d  by s o n i c a t i o n ,  phenol  e x t r a c t i o n  (w a te r  p h a s e ) ,  and 
e l u t i o n  of  whole c e l l s ,  a s  measured by th e  doub le  d i f f u s i o n  tec hn ique  
u s ing  a n t i s e r u m  t o  z e o l i t e  g hos t s  (ZG).
The p o l y s a c c h a r i d e s  i s o l a t e d  by s o n i c a t i o n  and by mannan e x t r a c ­
t i o n  o f  whole c e l l s  (mannan) and z e o l i t e  g h o s t s  (mannan ZG) a r e  compared 
in  F igu re  19. These r e s u l t s  s u g g e s t  t h a t  t h e r e  a r e  d i s t i n c t  d i f ­
f e r e n c e s  between the  t h r e e  p r e p a r a t i o n s  when they a r e  d i f f u s e d  a g a i n s t  
a n t i s e r u m  t o  z e o l i t e  g h o s t s .  I t  i s  r em a rka b le  t h a t  on ly  2 p r e c i p i t i n  
bands (B and C) were o b t a in e d  w i t h  mannan, w h i l e  3 (B, C, E) were
o b ta in e d  w i th  mannan ZG, Three p r e c i p i t i n  bands (A, D, and E) were seen
when c a p s u l a r  p o l y s a c c h a r i d e  was used as  a n t i g e n .  Bands D and E o f  the  
c a p s u l a r  p o l y s a c c h a r i d e  formed bands o f  i d e n t i t y  w i t h  band E o f  t h e
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F ig u re  19. Comparison o f  t h e  p o l y s a c c h a r i d e  a n t i g e n s  i s o l a t e d  
from Cryp tococcus  neoformans. man=mannan (whole c e l l s ) ,  man zg=mannan 
( z e o l i t e  g h o s t s ) ,  c a p = c a p s u la r  p o l y s a c c h a r i d e ,  Z G = a n t i - z e o l i t e  g h o s t s .
ZG
Fig u re  20. Comparison o f  p o l y s a c c h a r i d e  a n t i g e n s  i s o l a t e d  from 
Cryp tococcus  neofo rmans . man=mannan, c f = c u l t u r e  f i l t r a t e ,  c a p= c a psu la r  
p o l y s a c c h a r i d e ,  Z G = a n t i - z e o l i t e  g h o s t s .
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mannan ZG. Bands B and C formed bands o f  i d e n t i t y  w i t h  b o th  mannan 
p r e p a r a t i o n s .  Band A o f  t h e  c a p s u l a r  p o l y s a c c h a r i d e  formed a band o f  
p a r t i a l  i d e n t i t y  w i t h  band B o f  mannan and mannan ZG.
F igure  20 shows t h a t  a n t i s e r u m  t o  t h e  z e o l i t e  g h o s t s  produced 
3 p r e c i p i t i n  bands when d i f f u s e d  a g a i n s t  the c u l t u r e  f i l t r a t e .  I t  i s  
a l s o  a p p a r e n t  t h a t  c a p s u l a r  p o l y s a c c h a r i d e  and th e  c u l t u r e  f i l t r a t e  a r e  
e s s e n t i a l l y  the same, excep t  t h a t  a  spu r  was formed w i t h  band D. 
Moreover ,  band B o f  t h e  mannan formed a spu r  w i th  band A o f  the  c a p s u l a r  
p o l y s a c c h a r i d e  and c u l t u r e  f i l t r a t e .  When c a p s u l a r  p o l y s a c c h a r i d e  was 
s u b j e c t e d  t o  the mannan e x t r a c t i o n  p r o ce d u re  the number of  p r e c i p i t i n  
bands was d e c re a s ed  from 3 to  1.  The rem a in ing  band formed a band o f  
i d e n t i t y  w i th  the  mannan i s o l a t e d  from whole c e l l s .  These r e s u l t s  a r e  
p r e s e n t e d  i n  F igu re  21,
A major  p o r t i o n  o f  t h e  f i n a l  phase  o f  t h i s  i n v e s t i g a t i o n  d e a l t  
w i th  a comparison o f  t h e  a n t i s e r a  o b t a i n e d  from r a b b i t s  immunized w i t h  
whole c e l l s ,  c e l l  w a l l s ,  and c y to p l a s m i c  m a t e r i a l .  E a r ly  i n  t h e s e  
s t u d i e s  i t  was found t h a t  a n t i s e r a  to  e n c a p s u l a t e d  whole  c e l l s  and 
d e c a p s u l a t e d  whole c e l l s  were e q u i v a l e n t  in  r e g a r d  t o  t h e  p r e c i p i t i n  
bands o b t a i n e d  in  a g a r  g e l .  T h e r e f o r e ,  a n t i s e r a  to  d e c a p s u l a t e d  whole 
c e l l s  were used in  subsequen t  a n t i g e n i c  comparisons s i n c e  they  appeared  
t o  r e a c t  more s t r o n g l y  in  the  p r e c i p i t a t i n g  sys tem a n d ,  i n  a d d i t i o n ,  
c o n t a i n e d  much h i g h e r  a g g l u t i n a t i n g  a n t ib o d y  l e v e l s  ( s e e  F igu re  13) .
I t  was a l s o  found t h a t  a n t i s e r a  from r a b b i t s  immunized w i t h  t h e  z e o l i t e  
g h o s t s  were not  e q u i v a l e n t  t o  t h o s e  o b t a i n e d  from r a b b i t s  immunized with 
t h e  whole  c e l l  a n t i g e n s .  They were excluded  from t h e  a n t i g e n i c  s t u d i e s  
t o  be d e s c r i b e d ,  b e c a u s e  i t  was a p p a r e n t  t h a t  the  z e o l i t e  gho s t s  d id
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F ig u re  21. E f f e c t  of  mannan t r e a tm e n t  on c a p s u l a r  p o l y s a c c h a r i d e ,  
c a p = c a p s u la r  p o l y s a c c h a r i d e ,  t c = t r e a t e d  c a p s u l a r  p o l y s a c c h a r i d e ,  man= 
mannan, Z G = a n t i - z e o l i t e  g h o s t s .
C Ü
F i g u re  22. Comparison o f  a n t i s e r a  to  whole c e l l s ,  c e l l  w a l l s ,  
and  c y to p la s m ic  m a t e r i a l .  z s = z e o l i t e  s u p e r n a t e ,  J 2= a n t i - c y t o p l a s m i c  
m a t e r i a l ,  G ^^an t i -whole  c e l l ,  I ] ^ = a n t i - c e l l  w a l l .
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n o t  r e f l e c t  t h e  t r u e  a n t i g e n i c  make-up o f  Cryptococcus neoformans whole 
c e l l s ,
The f i r s t  compar ison was made between a n t i s e r a  to  whole c e l l s ,  
c e l l  w a l l s ,  and c y to p la s m ic  m a t e r i a l  u s i n g  th e  z e o l i t e  s u p e r n a t e  as  t h e  
complete  s o l u b l e  a n t i g e n .  The r e s u l t s  a r e  p r e s e n t e d  in  F ig u re  22. Six 
p r e c i p i t i n  bands  (bands 1 th rough  6) were ob ta in e d  w i th  a n t i s e r u m  t o  
whole c e l l s .  Bands 2, 5, and 6 formed bands of  i d e n t i t y  w i t h  a n t i s e r u m  
t o  c e l l  w a l l ,  and bands 4 and 6 formed bands of  i d e n t i t y  w i t h  a n t i s e r u m  
t o  c y to p la s m ic  m a t e r i a l .  Band 6 was seen  a l l  3 a n t i  s e r a .  However, 
a n t i s e r u m  t o  t h e  cy to p la s m ic  m a t e r i a l  demons t ra ted  2 a d d i t i o n a l  weak 
p r e c i p i t i n  bands (7 and 8 ) which did no t  form bands o f  i d e n t i t y  w i th  
a n t i s e r u m  t o  whole c e l l s  o r  c e l l  w a l l s
A f t e r  a d s o r p t i o n  w i t h  whole c e l l s ,  bands 1, 2, and 5 were 
removed from t h e  whole c e l l  a n t i s e r u m  and bands 2 and 5 were removed 
from c e l l  w a l l  a n t i s e r u m .  These d a t a  a r e  p r e s e n t e d  in  F ig u re  23. 
A d so rb t ion  w i t h  whole c e l l s  o f  a n t i s e r a  p repa red  a g a i n s t  t h e  c y to p la s m ic  
m a t e r i a l  r e s u l t e d  i n  no change in  the  p r e c i p i t i n  p a t t e r n .  The d a t a  
p r e s e n t e d  in  Tab le  19 de m ons t ra te s  t h i s  and a l s o  shows t h a t  t h e  p r e c i p ­
i t i n  bands o b t a i n e d  when e i t h e r  whole c e l l  a n t i s e r u m  or  c e l l  w a l l  a n t i ­
serum i s  d i f f u s e d  a g a i n s t  c a p s u l a r  p o l y s a c c h a r i d e  a r e  removed by a d s o r p ­
t i o n  w i th  whole c e l l s  (see F ig u re  25) ,  The p r e c i p i t i n  bands removed 
by whole c e l l  a d s o r p t i o n  were bands 1 and 2 (F igu re  22) which formed 
bands o f  i d e n t i t y  w i t h  t h e  c e l l  w a l l  a n t i s e ru m .  I t  should be no ted  
h e re  t h a t  when c a p s u l a r  p o l y s a c c h a r i d e  i s  d i f f u s e d  a g a i n s t  a n t i s e r u m  to  
t h e  z e o l i t e  gh o s t s  (F igu re  20) 3 p r e c i p i t i n  bands a r e  s een ,  b u t  when 
i t  i s  d i f f u s e d  a g a i n s t  a n t i s e r u m  to whole c e l l s  o r  a n t i s e r u m  t o  c e l l
109.
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F ig u re  23. E f f e c t  o f  a d s o r p t i o n  w i t h  whole c e l l s  on the  
p r e c i p i t i n  band p a t t e r n  seen  w i t h  a n t i s e r a  t o  whole c e l l s  and c e l l  w a l l s .  
z s = z e o l i t e  s u p e r n a t e ,  G^Afant i -whole c e l l s  adsorbed  w i th  whole c e l l s ,
G = a n t i -w h o le  c e l l s ,  I ^ = a n t i - c e l l  w a l l ,  I ^ A = a n t i - c e l l  w a l l  ad so rbed  w i th  
whole c e l l s .
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F ig u re  24. E f f e c t  o f  a d s o r p t i o n  w i t h  whole c e l l s  on the 
p r e c i p i t i n  band p a t t e r n  seen  w i t h  an a n t i s e r u m  to whole c e l l s  d i f f u s e d  
a g a i n s t  z e o l i t e  s u p e rn a t e  and c a p s u l a r  p o l y s a c c h a r i d e .  z s = z e o l i t e  
s u p e r n a t e ,  c a p= c a psu la r  p o l y s a c c h a r i d e ,  G2A=anti-whole c e l l s  adsorbed 
w i th  whole c e l l s ,  Gg^ant i -who le  c e l l s .
TABLE 19
EFFECT OF ADSORPTION OF CRYPTOCOCCUS NEOFORMANS ANTISERA WITH WHOLE CELLS ON
PRECIPITATING ANTIBODY AS MEASURED BY AGAR GEL DIFFUSION
A n t i s e r u m
To:
R a b b i t
Number
P r e c i p i t a t i n g  A n t i g e n
Z e o l i t e
S u p e r n a t e
C a p s u l a r
P o l y s a c c h a r i d e
Mannan
Unabsorbed Absorbed  Unabsorbed Absorbed Unabsorbed  Absorbed
Z e o l i t e  Ghos ts ZG, 7^ 4 3 0 2 0
ZG2 6 3 3 0 2 0
Whole D e c a p s u l a t e d G2 6 4 2 0 1 0
C e l l s *^ 10 6 4 2 0 1 0
C e l l  W al l s I I 3 1 2 0 1 0
I 2 3 1 2 0 1 0
C y t o p l a s m ic  M a t e r i a l h ' 4 4 0 0 0 0
J 3 4 4 0 0 0 0




Figure  25.  E f f e c t  of a d s o r p t i o n  w i t h  whole c e l l s  on t h e  p r e c i ­
p i t i n  band p a t t e r n  seen  w i t h  an a n t i s e r u m  t o  c e l l  w a l l s  d i f f u s e d  a g a i n s t  
c a p s u l a r  p o l y s a c c h a r i d e  and the z e o l i t e  s u p e r n a t e .  c a p= c a psu la r  p o l y ­
s a c c h a r i d e ,  z s = z e o l i t e  s u p e r n a t e ,  I ]^A = an t i - ce l l  w a l l  adsorbed w i t h  whole 
c e l l s ,  I j = a n t i - c e l l  w a l l .
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Figure  26.  E f f e c t  o f  a b s o r p t i o n  w i th  c a p s u l a r  p o l y s a c c h a r i d e  
on t h e  p r e c i p i t i n  band p a t t e r n  s e e n  w i t h  an a n t i s e r u m  t o  c e l l  w a l l s .  
c a p = c a p s u la r  p o l y s a c c h a r i d e ,  z s = z e o l i t e  s u p e r n a t e ,  I ^ A = a n t i - c e l l  w a l l  
abso rbed  w i th  c a p s u l a r  p o l y s a c c h a r i d e ,  I ^ = a n t i - c e l l  w a l l .
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w a l l s  o n ly  2 p r e c i p i t i n  bands  a r e  s e en  (F igu res  24 and 25, r e s p e c t i v e l y ) .
When a n t i s e r u m  t o  c e l l  w a l l s  i s  adsorbed w i t h  whole c e l l s  
( F igu re  25)  or  w i t h  c a p s u l a r  p o l y s a c c h a r i d e  (F igure  2 6 ) ,  bands 2 and 5 
t o  t h e  z e o l i t e  s u p e r n a t e  a r e  removed,  and bands 1 and 2 t o  the  c a p s u l a r  
p o l y s a c c h a r i d e  a r e  removed.  Bands 1 and 2 form l i n e s  o f  i d e n t i t y  w i th  
bands 1 and 2 found i n  t h e  a n t i - w h o l e  c e l l  s y s t e m - ( F i g u r e s  23 and 24) .  
Band 5, s e en  in  a l l  sys tems  e xc ep t  a n t i s e r u m  prepared  a g a i n s t  c y t o ­
p l a s m ic  m a t e r i a l ,  i s  removed by a d s o r b t i o n  w i t h  whole c e l l s  o r  w i th  
c a p s u l a r  p o l y s a c c h a r i d e .  Thus,  i t  a p p e a r s  t h a t  a t  l e a s t  3 p r e c i p ­
i t i n  bands occur  when a n t i s e r u m  whole c e l l s  o r  t o  c e l l  w a l l s  i s  d i f f u s e d  
a g a i n s t  c a p s u l a r  p o l y s a c c h a r i d e ,  namely,  bands 1, 2,  and 5. P r e c i p i t i n  
band 6 was no t  adso rbed  ou t  w i t h  whole  c e l l s  or  z e o l i t e  g h o s t s ,  nor  
was i t  removed w i t h  c a p s u l a r  p o l y s a c c h a r i d e  o r  mannan.
I t  was shown p r e v i o u s l y  t h a t  mannan formed a band of  p a r t i a l  
i d e n t i t y  w i t h  t h e  c a p s u l a r  p o l y s a c c h a r i d e  (F ig u re  20 ) ,  and t h a t  when 
c a p s u l a r  p o l y s a c c h a r i d e  was s u b j e c t e d  t o  mannan e x t r a c t i o n  the  r e s u l t i n g  
2 ' a n t i g e n s  formed bands o f  i d e n t i t y  (F ig u re  21) . I t  should be p o i n t e d  
out t h a t  t h e s e  s t u d i e s  w ere  made w i t h  a n t i s e r u m  to t h e  z e o l i t e  g h o s t s .  
When mannan was d i f f u s e d  a g a i n s t  a n t i s e r u m  t o  whole c e l l s  or c e l l  w a l l s  
i t  formed a band o f  i d e n t i t y  w i t h  t h e  c a p s u l a r  p o ly s a c c h a r i d e  (F igu res  
27 and 28 ) ,  Mannan formed a band o f  i d e n t i t y  wi th  band 2 seen in  b o th  
the  a n t i - w h o l e  c e l l -  and t h e  a n t i - c e l l  w a l l - c a p s u l a r  p o l y s a c c h a r i d e  
sys tem s .  The d a t a  p r e s e n t e d  in  F i g u r e s  27 and 28 a l s o  d e m o n s t ra t e  
t h a t  a d s o r p t i o n  w i t h  whole e n c a p s u l a t e d  c e l l s  or  c a p s u l a r  p o l y s a c c h a r i d e  
removes b o t h  bands 1 and 2, When t h e  same a n t i s e r a  were absorbed w i th  
mannan, o n ly  t h e  p r e c i p i t i n  band t o  mannan was removed. These r e s u l t s
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F ig u re  27. R e s u l t s  o f  a d s o r p t i o n  o f  a n t i s e ru m  t o  whole c e l l s  
w i t h  whole c e l l s .
whole c e l l  ad s o rb e d  w i t h  whole c e l l s ,
c a p = c a p s u la r  p o l y s a c c h a r i d e ,  man=mannan, G2A=anti-
GgSant i-whole c e l l .
0
F i g u r e  28. R e s u l t s  o f  a b s o r p t i o n  o f  a n t i s e ru m  t o  c e l l  w a l l s  
w i t h  c a p s u l a r  p o l y s a c c h a r i d e ,  cap=capsu la r  p o l y s a c c h a r i d e ,  man=mannan, 
I ^ A = a n t i - c e l l  w a l l  abso rbed  w i t h  c a p s u l a r  p o l y s a c c h a r i d e ,  I i = a n t i - c e l l  
w a l l .
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a r e  shown in  F igu re  29. The same r e s u l t  i s  d r a m a t i c a l l y  demons t ra ted  
in  F igu re  30 which i n v o lv e s  exper imen ts  u s in g  a n t i s e r u m  to  the  z e o l i t e  
g h o s t s .  I t  can be seen  t h a t  only the  band formed w i t h  mannan i s  removed,  
whereas  t h e  bands o b t a i n e d  w i t h  t h e  c rude  c a p s u l a r  p o l y s a c c h a r i d e  and 
th e  phenol  e x t r a c t  (wa ter  p h a s e )  a r e  r e t a i n e d .  Converse ly ,  as  seen  in  
F ig u re  31, when a n t i s e r u m  to the  z e o l i t e  ghos t s  i s  adsorbed w i t h  whole 
c e l l s  a l l  p r e c i p i t i n  bands to  t h e  p o l y s a c c h a r i d e  a n t i g e n s  a r e  removed.
The same p r e c i p i t i n  bands a r e  removed by a b s o r p t i o n  w i th  c a p s u l a r  
p o l y s a c c h a r i d e .  The r e s u l t s  o f  a d s o r p t i o n  w i th  whole c e l l s  and w i t h  
s o l u b l e  a n t i g e n s  a r e  summarized in  Tables  19, 20, and 21.
The d a t a  p r e s e n t e d  i n  Table  21 c l e a r l y  i n d i c a t e s  t h a t  a l l  o f  
t h e  whole c e l l  a g g l u t i n a t i n g  a n t ib o d y  was removed from serum by a d s o r b ­
t i o n  w i t h  whole c e l l s  or  w i t h  c a p s u l a r  p o l y s a c c h a r i d e .  Both e nc apsu ­
l a t e d  and d e c a p s u l a t e d  whole c e l l s ,  as  w e l l  as  t h e  z e o l i t e  g h o s t s ,  were 
e q u a l l y  e f f e c t i v e  in  removing th e  a g g l u t i n a t i n g  a n t i b o d y .  When t h e  
same a n t i s e r a  were  a bso rbed  w i t h  mannan, no d e c r e a s e  in  a g g l u t i n a t i n g  
a n t ib o d y  t i t e r  r e s u l t e d .
In an e a r l i e r  phase o f  t h i s  i n v e s t i g a t i o n  i t  was found t h a t ,  
when r a b b i t s  were immunized by t h e  subcutaneous  r o u t e  (Tables  12 and 13) 
or the  i n t r a p e r i t o n e a l  r o u t e  (Table 14) ,  a g g l u t i n a t i n g  an t ibody  t i t e r s  
were r e l a t i v e l y  low compared w i t h  t h e  l e v e l s  seen in  r a b b i t s  immunized 
by th e  i n t r a v e n o u s  r o u t e  (Table  11) . When the  same a n t i s e r a  were 
examined by the a g a r  g e l  doub le  d i f f u s i o n  method, however,  a maximum o f  
6 p r e c i p i t i n  bands cou ld  be dem ons t ra ted  i n  serum from r a b b i t s  immunized 
by t h e  subcutaneous  r o u t e .  This  was t r u e  in  r a b b i t s  t h a t  had r e c e iv e d  
d e c a p s u l a t e d  whole c e l l s  e i t h e r  a lone  or  i n c o r p o r a t e d  i n  F re und ' s
115
F i g u r e  29. E f f e c t  o f  a b s o r b t i o n  o f  a n t i s e r u m  t o  c e l l  w a l l  w i th  
mannan d i f f u s e d  a g a i n s t  mannan and z e o l i t e  s u p e r n a t e .  man=mannan, zs=* 
z e o l i t e  s u p e r n a t e ,  I ^ A = a n t i - c e l l  w a l l  abso rbed  w i t h  mannan, I j^=ant i -  
c e l l  w a l l .
F ig u re  30. R e s u l t s  o f  a b s o r p t i o n  o f  a n t i s e r u m  t o  t h e  z e o l i t e  
g hos t s  a b s o rb e d  w i t h  mannan. tnan=mannan, c a p = c a p s u la r  p o l y s a c c h a r i d e ,  
wp=phenol e x t r a c t  (water  p h a s e ) ,  Z G ^ A = an t i - z e o l i t e  gh o s t s  ab so rbed  






F i g u re  31. R e s u l t s  o f  a d s o r p t i o n  of  a n t i s e r u m  t o  z e o l i t e  
g h o s t s  w i t h  whole c e l l s .  man=mannan, wp=phenol e x t r a c t  (wate r  p h a s e ) ,  
c a p = c a p s u la r  p o l y s a c c h a r i d e ,  Z G i A = a n t i - z e o l i t e  g h o s t s  adso rbed  w i th  
whole c e l l s ,  Z G i = a n t i - z e o l i t e  g h o s t s .
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F ig u re  32. P r e c i p i t i n  band p a t t e r n  o b t a i n e d  w i t h  a n t i s e r a  to  
whole c e l l s  o b t a in e d  f o l l o w i n g  immuniza t ion  by t h e  subcu taneous  r o u t e .  
2s = z e o l i t e  s u p e r n a t e ,  SQ^, SQ2 , SQ g=ant is e ra  o b t a i n e d  from t h r e e  i n d i v i d ­
u a l  r a b b i t s .
TABLE 20
EFFECT OF ABSORPTION OF CRYPTOCOCCUS NEOFOKMANS ANTISERA WITH CAPSULAR POLYSACCHARIDE
ON PRECIPITATING ANTIBODY AS MEASURED BY AGAR GEL DIFFUSION
A n t i s e r u m  
To ;
R a b b i t
Number
P r e c i p i t a t i n g  A n t i g e n
Z e o l i t e
S u p e r n a t e
C a p s u l a r
P o l y s a c c h a r i d e
Mannan
Unabsorbed Absorbed Unabsorbed Absorbed Unabsorbed Absorbed
Z e o l i t e  Ghos ts ZG, 7a 4 3 0 2 0
ZGn 6 3 3 0 2 0
Whole D e c a p s u l a t e d Gz 6 4 2 0 1 0
C e l l s GlO 6 4 2 0 1 0
C e l l  W all s I f 3 1 2 0 1 0
l 2 3 1 2 0 1 0
C y to p la s m ic  M a t e r i a l 4 4 0 0 0 0
4 4 4 0 0 0 0
^Number o f  p r e c i p i t i n  b a nds .
TABLE 2 1
EFFECT OF ADSORPTION OF CRYPTOCOCCUS NEOFOKMANS ANTISERA WITH WHOLE CELLS, CAPSULAR
POLYSACCHARIDE, OR MANNAN ON THE AGGLUTINATING ANTIBODY TITERS
A n t l a e r u m  
To ;
A d s o r b in g  A n t ig e n
R a b b i t
Number
None Whole C e l l s  
With C a psu le
C a p s u l a r
P o l y s a c c h a r i d e
Mannan
Z e o l i t e  Ghos ts ZG^ 1:2048* 0 0 1:2048
ZGg 1:8192 0 0 1:8196
Whole D e c a p s u l a t e d  C e l l s G i 1:128 0 0 1:128
•^ 10 1 :256 0 0 1 : 2 5 6
Whole E n c a p s u l a t e d  C e l l s El 1 : 1 6 0 0 1 :1 6
E2 1 : 4 0 0 1 : 4
C e l l  Wall s h 1:32 0 0 1:32
h 1 : 1 6 0 0 1 :1 6
S o n i c a t e d  E n c a p s u l a t e d  C e l l s h 1:2 0 0 1:2
4 1 :4 0 0 1 : 4
S o n i c a t e d  D e c a p s u l a t e d  C e l l s «2 1 :4 0 0 1 : 4
% 1:2 0 0 1 :2
C y to p la s m ic  M a t e r i a l ^1 0 0 0 0
J3 0 0 0 0
^ T i t e r
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com ple te  a d j u v a n t  (Table  12). A r e p r e s e n t a t i v e  d oub le  d i f f u s i o n  p l a t e  
showing th e  p r e c i p i t i n  band p a t t e r n s  seen  w i t h  3 of t h e s e  a n t i s e r a  
i s  shown i n  F ig u re  32.
As shown i n  Tab le  13, when r a b b i t s  were immunized w i t h  c e l l  
w a l l  i n c o r p o r a t e d  in  F re u n d ' s  comple te  a d j u v a n t ,  no a g g l u t i n a t i n g  or 
PCA a n t i b o d y  could  be d e t e c t e d .  However, 1 p r e c i p i t i n  band was seen 
when t h e s e  a n t i s e r a  were d i f f u s e d  a g a i n s t  the  z e o l i t e  s u p e r n a t e .  This 
p r e c i p i t i n  band formed a band o f  i d e n t i t y  w i t h  band 6 o f  s e r a  from 
r a b b i t s  immunized i n t r a v e n o u s l y  w i th  whole c e l l s  or w i t h  c e l l  w a l l s .  
Band 6 was t h e  f i r s t  band to a p p e a r ,  and i t  could be dem ons t ra ted  the  
f i r s t  week a f t e r  i n t r a v e n o u s  immunizat ion.  These d a t a  a r e  p r e s e n t e d  
in  F ig u re  33.
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Figure  33. Agar double  d i f f u s i o n  p l a t e  comparing a n t i s e r a  to  
c e l l  w a l l  p repa red  by immunizing r a b b i t s  s u b c u ta n e o u s ly  and i n t r a ­
v e n o u s ly ,  z s = z e o l i t e  s u p e r n a t e ,  I ^ F = a n t i - c e l l  w a l l  o b t a i n e d  d u r i n g  the  
f i r s t  week o f  i n t r a v e n o u s  immuniza t ion,  Q ^ = a n t i - c e l l  w a l l  ob ta in e d  by 
subcutaneous  i n j e c t i o n ,  I j ^ = a n t i - c e l l  w a l l  o b t a i n e d  d u r i n g  the  l a s t  week 
of  i n t r a v en o u s  immuniza t ion.
CHAPTER IV 
DISCUSSION
Severa l  methods have been  developed  fo r  the  d i s r u p t i o n  of  
b a c t e r i a l  and y e a s t  c e l l s ,  f o r  example g r i n d i n g  w i th  powdered g l a s s  or 
a lu m in a ,  shaking  w i th  g l a s s  b e a d s ,  e x t r u s i o n  of  c e l l s  th rough  a smal l  
o r i f i c e  under  h ig h  p r e s s u r e ,  a l t e r n a t e  f r e e z i n g  and thawing ,  and exposure  
t o  u l t r a s o n i c  energy.  Most o f  t h e s e  methods have b road ,  bu t  no t  u n i v e r ­
s a l ,  a p p l i c a t i o n  to  y e a s t  c e l l s  and s e v e r a l  o f  them r e q u i r e  r a t h e r  
invo lved  p rocedu res  or  e x p e n s iv e  a p p a r a t u s .  In g e n e r a l ,  i t  i s  no t  known 
whe ther  t h e s e  p ro ce d u re s  have any e f f e c t  on the  a n t i g e n i c i t y  of  the  
i s o l a t e d  c e l l  f r a c t i o n s .  The e a r l y  phases  o f  t h e  p r e s e n t  s t u d i e s  were 
de s ig n e d  to  e v a l u a t e  v a r i o u s  p r o c e d u r e s  f o r  t h e  i s o l a t i o n  o f  c e l l  f r a c ­
t i o n s  from C^ neofo rm ans ..
The f i r s t  a t t e m p t s  t o  i s o l a t e d  p a r t i c u l a t e  and s o l u b l e  a n t i g e n s  
from C^ neoformans made use of  s o n ic  o s c i l l a t i o n  and Braun hom ogen iza t ion .  
I t  was found t h a t  t h e s e  methods were n o t  p r a c t i c a l  f o r  the  i s o l a t i o n  of  
c e l l  w a l l s  in  l a r g e  q u a n t i t i e s  due to  a u t o a g g l u t i n a t i o n  of  t h e  broken  
c e l l s  wh ich  made them i n s e p a r a b l e  f rom the  whole c e l l s  and g l a s s  beads .
The same problem has been r e p o r t e d  w i t h  Mycobacter ium and St rep tomyces 
a f t e r  d i s i n t e g r a t i o n  i n  t h e  Mickle  a p p a r a t u s  ( S a l t o n ,  1964) . With t h e  
hope o f  i s o l a t i n g  a c e l l  w a l l  f r a c t i o n  in  l a r g e  q u a n t i t i e s  and o f  
o b t a i n i n g  a s e r o l o g i c a l l y  a c t i v e  s o l u b l e  f r a c t i o n ,  t h e  s y n t h e t i c  z e o l i t e
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method was e v a l u a t e d .
The z e o l i t e - w a t e r  i n t e r a c t i o n  i s  an exo th ermic  r e a c t i o n ,  t h e r e ­
f o r e ,  t h e  e n t i r e  p r o c e d u r e  was accom pl i shed  in  the  co ld  i n  o r d e r  to  
minimize any e f f e c t  o f  h e a t  on t h e  c r y p t o c o c c a l  a n t i g e n s .  Treatment  
w i t h  z e o l i t e  a p p e a r s  t o  be a m i ld e r  p r o c e d u r e  than  s o n i c a t i o n  or  Braun 
hom ogen iza t ion .  With t h e  z e o l i t e  method, h e a t  i s  k e p t  t o  a minimum and 
v i o l e n t  a g i t a t i o n  and foaming a r e  e l i m i n a t e d .  With s o n i c a t i o n  and Braun 
hom ogen iza t ion ,  h e a t i n g  and foaming a r e  c h a r a c t e r i s t i c s  d i f f i c u l t  to  
c o n t r o l  and p ro b ab ly  r e s u l t  i n  some d e n a t u r i z a t i o n  of  c e l l u l a r  p r o t e i n s .  
The z e o l i t e  p r o c e d u r e  i s  accom pli shed  a t  a pH o f  10 t o  11, which has a 
s t a b i l i z i n g  e f f e c t  on t h e  e x t r a c t e d  p r o t e i n s  by i n h i b i t i n g  t h e  a c t !  n 
of  c e l l u l a r  p r o t e i n a s e s  u s u a l l y  a c t i v e  a t  a much lower pH. Auto­
a g g l u t i n a t i o n  i s  k e p t  a t  a minimum, p ro b a b ly  due to  the  c a t i o n i c  exchange 
p r o p e r t i e s  of  z e o l i t e ,  s p e c i f i c a l l y  t h e  removal of d i v a l e n t  c a t i o n s ,  and 
to  t h e  f a c t  t h a t  the  c e l l  w a l l s  or  g h o s t s  a r e  no t  b roken  i n t o  small  f r a g ­
ments and hydrophob ic  g ro u p in g s  from t h e  i n t e r i o r  o f  the  c e l l s  a r e  not  
exposed.
The mechanism by which z e o l i t e  r u p t u r e s  c e l l  enve lopes  i s  
unknown. The p r o c e s s  i s  not  e n t i r e l y  m echan ica l  s i n c e  on ly  a small  
amount o f  g r i n d i n g  i s  n e c e s s a r y .  Wet z e o l i t e  i s  not  e f f e c t i v e ,  even 
w i t h  g r i n d i n g .  The i n e f f e c t i v e n e s s  o f  wet z e o l i t e  s u g g e s t s  t h a t  hygro­
sc o p ic  p r o p e r t i e s  of  z e o l i t e  a r e  i n v o lv e d .  I t  can be p o s t u l a t e d  t h a t  
z e o l i t e  p a r t i c l e s  have  a s h e a r i n g  a f f e c t  which causes  s m a l l  r u p tu r e s  in  
t h e  c e l l  e n v e lo p e ,  and t h a t  due t o  t h e  hyg rosc op ic  n a t u r e  of  z e o l i t e ,  
t h e  so lub le ,  c e l l  c o n t e n t s  a r e  fo rc e d  ou t  of  t h e  c e l l s .
Although c o n s i d e r a b l e  work by many i n v e s t i g a t o r s  has  led to
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some u n d e r s t a n d in g  o f  t h e  chemica l  n a t u r e  o f  y e a s t s ,  e s p e c i a l l y  Saccharo- 
myces c e r e v i s i a e . L i t t l e  i s  known about  t h e  com pos i t i on  of  neoformans 
than  t h a t  i t s  c a p s u l e  i s  composed o f  x y l o s e ,  g lu c u r o n i c  a c i d ,  g a l a c t o s e ,  
and mannose (Evans and Mehl,  1951) . R e c e n t ly  Cook, F e l t o n ,  and Muchmore 
(1967) r e p o r t e d  t h a t  a s t r a i n  o f  neoformans ob ta in e d  from a s o i l  
sample d i f f e r e d  from a s t r a i n  i s o l a t e d  from a human c a se  of c ry p to c o c c o s i s  
i n  animal  v i r u l e n c e  and i n  c e l l  w a l l  com p o s i t i o n .  Chemical  a n a l y s i s  o f  
t h e  c e l l  w a l l  f r a c t i o n s  showed q u a n t i t a t i v e  d i f f e r e n c e s  in  the  hexose,  
hexosamine,  p r o t e i n ,  and l i p i d  c o n te n t  o f  t h e  2 s t r a i n s .  From t h e s e  
r e s u l t s ,  t h e  a u th o r s  conc luded  t h a t  v i r u l e n c e  of  C^ neoformans may be 
r e l a t e d  to  c e l l  w a l l  com p o s i t i o n .
The c e l l  w a l l s  o f  y e a s t s  c o n ta i n  s o l u b l e  and i n s o l u b l e  p o ly sa c -  
c h a r i d e - p r o t e i n  complexes ,  p l u s ,  e s s e n t i a l l y  t h e  same amino a c id s  found 
i n  b a c t e r i a  ( K e s s l e r  and N ic k e r s o n ,  1959; N icke rson ,  1963) . The l i p i d  
c on te n t  of  p u r i f i e d  c e l l  w a l l  m a t e r i a l  f rom 3 s t r a i n s  o f  Candida a l b i c a n s  
and 2 s t r a i n s  of  ^  c e r e v i s i a e  was shown t o  be q u i t e  v a r i a b l e ,  r ang ing  
from 1,09 to  10.2 per  c e n t  o f  t h e  d r y  w e i g h t .  This v a r i a b i l i t y  was 
a l s o  r e f l e c t e d  in  t h e  t o t a l  n i t r o g e n  and t o t a l  c a rb o h y d ra te  c o n te n t  of 
t h e  same s t r a i n s .  The t o t a l  n i t r o g e n  c o n te n t  of  i s o l a t e d  c e l l  w a l l s  
ranged from 1.28 t o  9 .65 pe r  cen t  o f  t h e  d r y  weight  and the t o t a l  c a rb o ­
h y d r a t e  c o n te n t  v a r i e d  from 60 t o  75 pe r  c e n t  of  the d ry  w e igh t .  The 
same i n v e s t i g a t o r s  r e p o r t e d  t h a t  glucosamine  n i t r o g e n  comprised approx­
im a te ly  5 per  c en t  o f  t h e  t o t a l  n i t r o g e n  c o n t e n t  of  i s o l a t e d  c e l l  w a l l s .  
The same v a r i a b i l i t y  has been  seen  in  c e l l  w a l l s  i s o l a t e d  from t h e  y e a s t  
phase  o f  pa thogen ic  s t r a i n s  o f  His top lasma  capsu la tum (P ine ,  e t  a l , ,
1966), Thus, t h e  t o t a l  p r o t e i n  and c a rb o h y d r a te  v a lu e s  for  C. neoformans
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c e l l  w a l l s  d e t e c t e d  in  t h e s e  i n v e s t i g a t i o n s  a r e  c o n s i s t e n t  w i t h  t h o se  
o b t a in e d  w i th  o t h e r  y e a s t  c e l l s .  The h i g h  c o n te n t  of p r o t e i n  i n  t h e  
z e o l i t e  g h o s t s  may be due to  the  p re se nc e  of  c on ta m ina t ing  cy top las ru ic  
membranes. C e l l  g h o s t s  were no t  as  c o m p le te ly  d i s r u p t e d  and p o s s i b l y  
the  c e l l  membrane i s  r e t a i n e d .  I t  seems p r o b a b l e  t h a t  c o n ta m in a t in g  
n u c l e i c  a c i d s  could c o n t r i b u t e  ve ry  l i t t l e  t o  t h e  high n i t r o g e n  v a l u e s ,  
s i n c e  u l t r a - v i o l e t  a n a l y s i s  demons t ra ted  t h e  absence  o f  any l a r g e  
q u a n t i t y  of  m a t e r i a l  a b s o rb in g  a t  260 mu.
Paper  chromatography was used to  d e t e c t  ca p su la r  p o l y s a c c h a r i d e  
in  t h e  v a r i o u s  a n t i g e n s .  P o ly s a c c h a r id e  was d e t e c t e d  in  a l l  m a t e r i a l  
excep t  t h e  c e l l  w a l l  f r a c t i o n .  I t  was shown, however, t h a t  a n t i s e r u m  
to  c e l l  w a l l s  formed 2 p r e c i p i t i n  bands w i t h  c a p s u la r  p o l y s a c c h a r i d e  
i s o l a t e d  from whole c e l l s .  Thus, i t  can be concluded t h a t  c a p s u l a r  
p o l y s a c c h a r i d e  was p r e s e n t  in  the c e l l  w a l l  f r a c t i o n ,  but  p ro b ab ly  i n  
v e ry  smal l  q u a n t i t i e s .  This f in d in g  i s  c o n s i s t e n t  wi th  t h e  o b s e r v a t i o n  
by Gadebusch (1960) t h a t  the  a n t i g e n i c  m a t e r i a l  r e s i d e s  i n  the  c a p s u l a r  
p o l y s a c c h a r i d e  t h a t  i s  c l o s e l y  bound to  t h e  c e l l  wal l .
The absence  of hexosamine in  neoformans ,  a s  r e p o r t e d  i n  t h i s  
i n v e s t i g a t i o n ,  i s  i n c o n s i s t e n t  w i th  the  r e s u l t s  r e p o r t e d  from s t u d i e s  
o f  o t h e r  y e a s t s .  However, i t  i s  h i g h l y  p o s s i b l e  t h a t  t h e  u n i d e n t i f i e d  
s po t  seen  on chromatograms might have be en  glucosamine .  I t  shou ld  be 
p o in te d  ou t  t h a t  t h e  mild a c i d  h y d r o l y s i s  used may not  have been  y i g o ro u s  
enough t o  r e l e a s e  the  hexosamine from the  c e l l  o r  c e l l  w a l l  components.  
Also ,  a n o t h e r  ch rom atograph ic  system might  have r eve a le d  hexosamine.
In t h e  p r e s e n t  s tu d y ,  i s o l a t e d  c e l l  w a l l s  of neoformans were 
s u b j e c t e d  t o  h y d r o l y s i s  by p u r i f i e d  c h i t i n a s e .  No N -a c e ty lg lu c o s am in e
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was l i b e r a t e d  from the  c e l l  w a l l  f r a c t i o n ,  su g g e s t in g  t h e  absence  of  
c h i t i n .  However, c h i t i n  has been  r e p o r t e d  to  be a c e l l  w a l l  c o n s t i t u e n t  
o f  some y e a s :  c e l l  w a l l s  (K ess le r  and N icke rson ,  1959; N ic ke rson ,  1963) .
I t  i s  known t h a t  a n t i g e n i c i t y  v a r i e s  w i th  the  m orpho log ica l  
c h a r a c t e r i s t i c s  or phase  o f  c e r t a i n  f u n g i .  In neoformans sm a l l  
c a p s u l e  s t r a i n s  a r e  more a n t i g e n i c  i n  r a b b i t s  (Kase and Metzger ,  1962; 
N e i l l ,  e t  a l . ,  1950) and induce s t r o n g e r  r e s i s t a n c e  in  mice than  do 
l a r g e  c a p su le  s t r a i n s  (Abrahams and G i l l e r a n ,  1960) ,  An i n c r e a s e  in  
a n t i g e n i c i t y  i s  seen  when the  capsule, o f  a l a r g e  c a p su le  s t r a i n  i s  
degraded  e n z y m a t i c a l l y  (Gadebusch, 1960) .  In the  p r e s e n t  s tu d y ,  d e c a p ­
s u l a t e d  forms o f  C. neoformans were m o r e i e f f e c t i v e  immunizing ag e n ts  
t h a n  were, h i g h l y  e n c a p s u l a t e d  forms. I t  was a l s o  found t h a t  z e o l i t e  
g h o s t s  were t h e  most e f f e c t i v e  a n t i g e n  fo r  s t i m u l a t i n g  t h e  p r o d u c t i o n  
o f  a g g l u t i n a t i n g  a n t i b o d y ,  p robab ly  because  c a p s u l a r  p o l y s a c c h a r i d e  was 
e l i m i n a t e d  by the  z e o l i t e  t r e a t m e n t .  These o b s e r v a t io n s  a r e  c o n s i s t e n t  
w i t h  t h o se  o f  N e i l l  e t  a l . , (1950) and o f  Kase and Metzger (1962) ,
Kase and M arsha l l  (1960)  r e p o r t e d  t h a t  10 c o n s e c u t iv e  i n j e c t i o n s  o f  a 
f o r m a l i n i z e d , c r y p t o c o c c a l  whole c e l l  v a c c i n e  would e l i c i t  a s i g n i f i c a n t  
a n t ib o d y  r esponse  i n  r a b b i t s .  In  c o n t r a s t ,  i t  was found in  t h e  p r e s e n t  
s tu d y  t h a t  a t  l e a s t  25 i n j e c t i o n s  were n e c e s s a r y  to  o b t a i n  r e g u l a r l y  
a n t i s e r a  o f  adequa te  t i t e r .  Thi s  may have been due t o  t h e  sm a l l  
q u a n t i t i e s  o f  a n t i g e n  used .  In g e n e r a l ,  op t im al  a g g l u t i n a t i n g  a n t i b o d y  
t i t e r s  were o b t a in e d  6 t o  8 days a f t e r  t h e  l a s t  i n j e c t i o n  o f  a n t i g e n  
and peak t i t e r s  f e l l  o f f  q u i t e  r a p i d l y ,  u s u a l l y  w l t h . n  3 to  5 days .
These r e s u l t s  a r e  s i m i l a r  to t h o se  r e p o r t e d  f o r  mice v a c c i n a t e d  w i th  
m u l t i p l e  doses  of  k i l l e d  C. neoformans in  which s u r v i v a l  t ime was
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l o n g e r  when t h e  an im als  were c h a l l e n g e d  a f t e r  7 t o  14 days than  when 
t h e y  were c h a l l e n g e d  a f t e r  21 days  (Abrahams and G i l l e r a n ,  1960) .
No a v a i l a b l e  d a t a  i n d i c a t e s  a c o r r e l a t i o n  between a g g l u t i n a t i n g  a n t i b o d y  
and immunity to  i n f e c t i o n .
In g e n e r a l ,  lower  a g g l u t i n a t i n g  a n t i b o d y  t i t e r s  occu r red  w i t h  
t h e  s o n i c a t e d  a n t i g e n s  than  w i t h  i n t a c t  c e l l s ,  r e g a r d l e s s  of  w h e th e r  
t h e  s o n i c a t e  was p rep a re d  from e n c a p s u l a t e d  or  d e c a p s u l a t e d  c e l l s .  This 
might  be e xp la ined  by the  f a c t  t h a t ,  w i t h  t h e  s o n i c a t e d  a n t i g e n  a l a r g e  
amount o f  p o l y s a c c h a r i d e  was i n j e c t e d  a t  one t im e ,  whereas  w i th  t h e  
whole c e l l  a n t i g e n s  t h e  s o l u b l e  p o l y s a c c h a r i d e  was p robab ly  r e l e a s e d  
from the  c e l l s  s low ly .  Rabb i t s  immunized w i th  cy top la sm ic  m a t e r i a l  d id  
n o t  produce any d e t e c t a b l e  a g g l u t i n a t i n g  a n t i b o d y ,  however, t h e s e  a n t i ­
s e r a  r e a c t e d  w i th  the  z e o l i t e  s u p e r n a t e  in  a ga r  g e l  d i f f u s i o n  t e s t s .  
Absence o f  a s i g n i f i c a n t  a g g l u t i n a t i n g  a n t i b o d y  r e s p o n s e  t o  t h e  s o n i c a t e d  
and cy to p la s m ic  a n t i g e n s  may have  been  caused by s e p a r a t i o n  o f  t h e  
h a p t e n i c  p o l y s a c c h a r i d e  from i t s  p r o t e i n  c a r r i e r  d u r i n g  s o n i c a t i o n .  
Rabb i ts  i n j e c c e d  wi th  c a p s u l a r  p o l y s a c c h a r i d e ,  i n t r a v e n o u s l y  or sub-  
c u t a n e o u s l y ,  in  doses  r ang ing  from 0 .3 6  ug to  25 mg f a i l e d  t o  d em ons ta te  
a n t ib o d y  r e s p o n s e  a s  measured by the  PCA and a g g l u t i n a t i o n  t e s t s .  The 
f i n d i n g  t h a t  c a p s u l a r  p o l y s a c c h a r i d e  i s  n o t  a comple te  a n t i g e n  s u p p o r t s  
t h e  r e s u l t s  of  Cozad, a t  a l . , (1963) and o f  Goren (1966, 1967) .
Goren r e p o r t e d  t h a t  p u r i f i e d  p o l y s a c c h a r i d e  from neoformans i s  a n t i ­
g e n ic  in  mice only i f  i t  i s  c o n ju g a t e d  t o  bov ine  gamma g l o b u l i n .
Gadebusch (1958a,  1963, 1964) however r e p o r t e d  t h a t  p u r i f i e d  c a p s u l a r  
p o l y s a c c h a r i d e  i s  a n t i g e n i c  i n  mice ,  r a t s ,  and r a b b i t s .  I t  s h ou ld  be 
p o in te d  ou t  t h a t ,  t h e  h e m a g g l u t i n a t i n g  a n t i b o d y  t i t e r s  ob ta ined  by
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Gadebusch were r e l a t i v e l y  low, i . e .  i n  the  r a n g e  o f  1 :10  to  1 :40 .  I t  
has  been r e p o r t e d  by Abrahams (1966)  t h a t  d e t e c t i o n  o f  c ry p t o c o c c a l  
a n t i b o d y  by the  p a s s i v e  h e m a g g l u t i n a t i o n  t e s t  i s  d i f f i c u l t  to  d u p l i c a t e ,  
and proved u n s u c c e s s f u l  i n  h i s  hands .
The r e l a t i o n s h i p  of  p o l y s a c c h a r i d e  a n t i g e n s  t o  immunity in  
c r y p t o c o c c o s i s  remains t o  be e l u c i d a t e d .  In g e n e r a l ,  animals  immunized 
w i t h  homologous a n t i g e n s ,  whether  p a r t i c u l a t e  o r  s o l u b l e ,  c o n ta i n in g  a 
h i g h  c o n te n t  o f  c a p s u l a r  p o l y s a c c h a r i d e  e l i c i t  minimal  a n t ibody  r e s p o n s e s .  
S e v e ra l  p o s s i b l e  e x p l a n a t i o n s  fo r  t h i s  come t o  mind. F i r s t ,  t h e  ca p su le  
may i n h i b i t  p h a g o c y to s i s  o f  c r y p t o c o c c a l  c e l l s ;  s e c o n d l y ,  t h e  f r e e  
c a p s u l a r  p o l y s a c c h a r i d e  may combine w i t h  a n t i b o d y  iji  v i v o  as r a p i d l y  
as i t  i s  formed; t h i r d l y ,  t h e  c a p s u l e  may have a t o x i c  e f f e c t  on the  
r e t i c u l o e n d o t h e l i a l  sys tem ;  f i n a l l y ,  c a p s u l a r  p o l y s a c c h a r i d e  may cause 
t he  h o s t  to  be in a s p e c i f i c  s t a t e  o f  immune t o l e r a n c e .  Support  fo r  
t h e  f i r s t  s u g g e s t i o n  has  come from th e  s t u d i e s  o f  Bulmer and Sans 
(1967, 1968) .  The l a t t e r  t h r e e  p o s s i b i l i t i e s  have n o t  been tho ro u g h ly  
i n v e s t i g a t e d .
I f  c a p s u l a r  p o l y s a c c h a r i d e  has  a t o x i c  e f f e c t  on t h e  r e t i c u l o ­
e n d o t h e l i a l  sys tem i t  seems r e a s o n a b l e  to  b e l i e v e  t h a t  i t  should 
i n h i b i t  a n t ib o d y  p r o d u c t i o n  t o  b o th  h e t e r o l o g o u s  and homologous a n t i g e n s .  
In t h e  p r e s e n t  s t u d i e s ,  5 to  25 mg c a p s u l a r  p o l y s a c c h a r i d e  had no 
e f f e c t  on th e  a n t ib o d y  r e s p o n s e  o f  r a b b i t s  t o  h e t e r o l o g o u s  a n t i g e n s  
such as typho id  v a c c in e  and b o v in e  serum a lbum in .  These dosages,  o f  
c a p s u l a r  p o l y s a c c h a r i d e  were comparab le  to  t h o s e  r e c e i v e d  by r a b b i t s  
d u r in g  t h e  course  o f  immuniza t ion  w i th  e n c a p s u l a t e d  c r y p t o c o c c i .
A l l  r a b b i t s  immunized w i th  d e c a p s u l a t e d  whole c e l l s  p l u s  added
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c a p s u l a r  p o l y s a c c h a r i d e  d ied  of  s y s te m ic  a naphy lax is .  A n a p h y la c t i c  
shock i s  o r d i n a r i l y  more d i f f i c u l t  t o  e l i c i t  in  t h e  r a b b i t  t h an  i n  t h e  
gu inea  pig-  In r a b b i t s  s e v e r a l  d o se s  of  a n t i g e n  may be r e q u i r e d  and, 
even t h e n ,  many an im a ls  may no t  d i e .  Grove (1932) found t h a t  a bou t  25 
p e r  c e n t  o f  r a b b i t s  a r e  r e s i s t a n t  t o  s e n s i t i z a t i o n  w i th  v a r i o u s  
a n t i g e n s  and t h a t  a p r e r e q u i s i t e  f o r  ana phy la x is  in  t h i s  s p e c i e s  i s  a 
h ig h  p r e c i p i t a t i n g  a n t i b o d y  t i t e r  t o  the  homologous a n t i g e n .  Delayed 
shock i s  common and an im als  unde rgo ing  immunization may succumb s e v e r a l  
hours  a f t e r  an i n j e c t i o n  o f  a n t i g e n  (Cushing and Campbell ,  1957; Smith;  
Conant,  and Overman, 1964).  I t  t h u s  appears  t h a t  the a n a p h y la x i s  seen  
in  t h e  p r e s e n t  i n v e s t i g a t i o n  was c o n s i s t e n t  with t h a t  r e p o r t e d  p r e ­
v i o u s l y  in  t h e  r a b b i t .
R abb i t s  i n j e c t e d  w i th  t h e  d e c a p s u l a t e d  whole c e l l - c a p s u l a r  
p o l y s a c c h a r i d e  m ix tu re  had s i g n i f i c a n t  an t ib o d y  r e sponse s  compared w i t h  
t h o se  r e c e i v i n g  e n c a p s u l a t e d  o rgan i sm s .  These r e s u l t s  would s u g g e s t  
t h a t  s o l u b l e  c a p s u l a r  p o l y s a c c h a r i d e ,  in  t h e  dosages used,  had no e f f e c t  
on a n t i b o d y  p r o d u c t i o n  to  t h e  homologous d e c ap s u la t e d  organ isms .  I f  
t h e  mechanism of  a c t i o n  of  c a p s u l a r  p o ly s a c c h a r id e  i s  p u r e l y  a n t i p h a g o ­
c y t i c ,  i t  i s  n a t u r a l  t o  assume t h a t  i t  f u n c t i o n s  only i n  t h e  i n t a c t  
form, i . e .  on t h e  e n c a p s u l a t e d  organism.  Thi s  assumpt ion,  however,  i s  
c o n t r a r y  to  t h e  r e s u l t s  of  v i t r o  s t u d i e s  which showed t h a t  b o t h  
s o l u b l e  and i n t a c t  c a p s u l a r  p o l y s a c c h a r i d e s  a re  h i g h ly  a n t i - p h a g o c y t i c  
(Bulmer and Sans ,  1967, 1968) ,  I t  should  be poin ted  o u t ,  however ,  t h a t  
t h e  l a t t e r  sys tem  i s  n o t  e n t i r e l y  comparable  with t h a t  used in t h e  
p r e s e n t  s tu d y .  Also,  i t  has  s i n c e  been found tha t  the  a n t i p h a g o ­
c y t i c  e f f e c t  o f  the  c a p s u l e  can be demons t ra ted  i n  the  v i t r o  phago­
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c y t i c  sys tem ( F a r h i ,  1969) .  For example,  po lymorphonuclear  l e u k o c y te s  
e x h i b i t  a 74 per  cen t  phagocy t i c  index ( th e  number of  C_^  neofo rm ans /  
l e u k o c y t e )  w i t h  v i a b l e  nonencapsu la ted  o rgani sm,  w he re as ,  w i t h  f o r ­
m a l i n i z e d ,  n o n e n c a p s u la t e d  c e l l s  an index  of  91 p e r  c e n t  was o b t a i n e d .  
When c a p s u l a r  p o l y s a c c h a r i d e  was added back t o  t h e  ph a g o c y t i c  system,
22 p e r  c e n t  and 90 pe r  cen t  p ha goc y to s i s  were found ,  r e s p e c t i v e l y .  I t  
would a p p e a r ,  t h e r e f o r e ,  t h a t  t h e  p r e s e n t  r e s u l t s  c o r r e l a t e  w i th  th o se  
o f  t h e  i n  v i t r o  p h a g o c y t i c  s t u d i e s .
Gadebusch (1964) demons t ra ted  t h a t  when r a b b i t s  a r e  i n j e c t e d  
w i t h  25 mg c a p s u l a r  p o l y s a c c h a r i d e  i t  can be d e t e c t e d  up to  6 months 
l a t e r  by h e m a g g l u t i n a t i o n  t e s t s .  In the  p r e s e n t  s t u d i e s ,  c a p s u l a r  p o l y ­
s a c c h a r i d e  was d e t e c t e d  in s e ra  of  r a b b i t s  t h a t  had r e c e i v e d  the  p o ly ­
s a c c h a r i d e  e i t h e r  a lo n e  or  t o g e t h e r  w i th  BSA, typ h o id  "H" v a c c i n e ,  or  
d e c a p s u l a t e d  c e l l s .  With 5 out o f  10 o f  the  l a t t e r  an im a ls  i t  was 
p o s s i b l e  t o  d e t e c t  c a p s u l a r  p o l y s a c c h a r i d e  a n t i b o d y  and c a p s u l a r  p o l y ­
s a c c h a r i d e  i n  t h e  same serum s im u l t a n e o u s l y .  This  was e s p e c i a l l y  t r u e  
in  t h o s e  r a b b i t s  w i t h  high a g g l u t i n a t i n g  a n t i b o d y  t i t e r s .
The most p l a u s i b l e  e x p la n a t i o n  f o r  t h e s e  r e s u l t s  would be t h a t  a n t i b o d y  
combines w i th  a n t i g e n  iji v ivo  a s  r a p i d l y  as  i t  i s  formed. As a n t i b o d y  
i s  formed, i t  i s  g r a d u a l l y  complexed w i t h  c a p s u l a r  p o l y s a c c h a r i d e  u n t i l  
a s l i g h t  a n t i b o d y  exces s  i s  r e a c h e d ,  a t  which t ime  a n a p h y la x i s  o c c u rs .
I f  s o l u b l e  a n t i g e n - a n t i b o d y  complexes a r e  p r e s e n t  i n  serum p r i o r  to  
a n a p h y l a x i s ,  i t  shou ld  be p o s s i b l e  to  d e t e c t  bo th  a n t i g e n  and a n t ib o d y  
t o g e t h e r  i n  t h e  same serum.
I t  has  been  shown t h a t ,  w i t h  r a b b i t  a n t i s e r u m ,  0 .003  ug a n t i ­
body n i t r o g e n  i s  s u f f i c i e n t  to  provoke weak p a s s i v e  cu taneous  a naphy lax -
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i s  when th e  l a t e n t  p e r i o d  i s  3 to  6 h r  and t h e  serum has  a h igh  concen­
t r a t i o n  o f  a n t i b o d y  (Ovary, 1958) . More an t ib o d y  n i t r o g e n  i s  needed 
when weaker a n t i s e r a  a r e  employed because  t h e  normal  gamma g l o b u l i n  
competes w i t h  t h e  s p e c i f i c  a n t i b o d y  gamma g l o b u l i n  in  t h e  f i x a t i o n  
p r o c e s s .  Ovary and Karush (1961)  demons t ra ted  t h a t  t h e  a n t i b o d y  s i t e  
n e c es sa ry  for  f i x a t i o n  i s  l o c a t e d  on P o r t e r ' s  f r a c t i o n  I I I  of  pa p a in  
d i g e s t e d  r a b b i t  a n t i b o d y .  Not a l l  a n t i s e r a  can  s e n s i t i z e  gu inea  p i g  
s k in .  While r a b b i t  and gu inea  pig. a n t i s e r a  c o n t a i n i n g  as  l i t t l e  as
0.003 ug a n t i b o d y  n i t r o g e n  i n  0 . 1  ml may s e n s i t i z e  gu inea  p i g  s k i n ,  
about  10 t o  25 t im es  more i s  needed when mouse a n t i s e r a  a r e  used (Ovary
and Karusch, 1961) and 50 t o  100 t im es  more i s  needed w i t h  r a t  a n t i s e r a
(Ovary, 1964) ,  Human a n t i s e r a  can a l s o  s e n s i t i z e  gu in ea  p i g  s k i n  
(Ovary, 1964) .  I t  has  been shown t h a t  gamma g l o b u l i n  w i t h  a m o le c u la r  
weight  of  160,000  and a s e d i m e n t a t i o n  c o n s t a n t  o f  7S, b u t  n o t  19S 
gamma g l o b u l i n ,  i s  a b l e  t o  s e n s i t i z e  guinea p i g  s k in  (Ovary,  Fudenberg,  
and Kunkel , 1960) .  Thus, a p o s i t i v e  PCA t e s t  i s  i n d i c a t i v e  o f  t h e  
p resence  o f  7S a n t i b o d y .
From t h e  d a t a  p r e s e n t e d  in  Figure 13, i t  i s  e v i d e n t  t h a t ,  
fo l lowing  immuniza t ion of  r a b b i t s  w i t h  d e c a p s u l a t e d  whole c e l l s ,  t h e r e
is  a d i f f e r e n t i a l  r i s e  in  7S and 19S a n t ibody .  During t h e  f i r s t  week,
t h e r e  was c l e a r l y  no PCA d e t e c t a b l e  7S a n t i b o d y ,  whereas  t h e  a g g l u t i n ­
a t i n g  a n t i b o d y ,  p robab ly  of  t h e  19S type ,  had r eached  a t i t e r  of  1 :4 .  
This d i f f e r e n c e  i s  even more s i g n i f i c a n t  when one c o n s i d e r s  t h a t  t h e  
PCA t e s t  i s  a p p ro x i m a t e ly  30 t im es  more s e n s i t i v e  than  t h e  whole c e l l
a g g l u t i n a t i o n  t e s t  and t h a t  u n d i l u t e d  a n t i s e ru m  gave no PCA r e a c t i o n .  
During the  second week,  t h e r e  appeared t o  be a m ix tu re  o f  7S and 19S
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a n t i b o d i e s .  When th e  s e n s i t i v i t i e s  o f  t h e  t e s t s  a r e  c o n s id e r e d ,  i t  
seems q u i t e  obv ious  t h a t  t h e  19S a n t i b o d y  s t i l l  compri sed  th e  major  
p r o p o r t i o n  of the  c ry p t o c o c c a l  a n t i b o d i e s  p r e s e n t  i n  t h e  serum. Dur ing 
the  t h i r d  week 7S a n t ib o d y  appeared  t o  s u r p a s s  t h a t  o f  t h e  19S ty p e .
From t h e s e  r e s u l t s ,  i t  can be  conc luded  t h a t  a  c l a s s i c a l ,  e a r l y  19S a n t i ­
body r e s p o n s e ,  fo l lowed by a l a t e r  7S r e s p o n s e ,  o c c u rs  i n  r a b b i t s  imr ' 
munized w i t h  c r y p t o c o c c a l  whole c e l l s ,  as  e v idenced  by t h e  a g g l u t i n a t i n g  
<^ nd PCA a n t i b o d y  t e s t s .
The e f f e c t  of  the r o u t e  o f  i n j e c t i o n  on t h e  r e s p o n s e  o f  an im als  
t o  k i l l e d  neoformans i s  unknown. Abrahams and G i l l e r a n  (1960) r e p o r t e d  
t h a t  the  i n t r a p e r i t o n e a l  r o u t e  was s u p e r i o r  t o  t h e  subcu taneous  r o u t e ,  
bu t  t h e  v a c c i n a t i n g  s chedu le  was no t  comparable  t o  o t h e r  r e p o r t s  i n  the  
l i t e r a t u r e ,  t h e r e f o r e  t h e  d a t a  a r e  d i f f i c u l t  t o  compare.  The e f f e c t  
o f  a d j u v a n t s  on th e  immune r e s p o n s e  t o  neoformans i s  r e l a t i v e l y  
unknown. The a d m i n i s t r a t i o n  o f  B o r d e t e l l a  p e r t u s i s  i n  c o n j u n c t i o n  w i th  
c r y p t o c o c c a l  v a c c i n e  has  been  r e p o r t e d  t o  i n c r e a s e  t h e  s u r v i v a l  t ime 
o f  mice a f t e r  c h a l l e n g e  w i t h  v i r u l e n t  neoformans  (Abrahams, 1966) .  
C onve rse ly ,  i n  the  same s tu d y ,  use of  F r e u n d ' s  comple te  a d ju v a n t  w i t h  
k i l l e d  c e l l s  o f  C^ neoformans sup p re s s e d  the  development  of immunity.
These r e s u l t s  were not r e f e r r a b l e  to  any d e t e c t a b l e  a n t i b o d y  r e s p o n s e .
In t h e  p r e s e n t  i n v e s t i g a t i o n ,  i t  was c l e a r l y  shown t h a t  the  
i n t r a v e n o u s  r o u t e  a p p e a r s  t o  be s u p e r i o r  fo r  t h e  p r o d u c t i o n  of  bo th  
a g g l u t i n a t i n g  and p r e c i p i t a t i n g  a n t i b o d y  t o  C_^  ne o fo rm ans . Subcutaneous 
i n j e c t i o n ,  e i t h e r  w i t h  or w i t h o u t  F r e u n d ' s  com ple te  a d j u v a n t ,  ap p e a re d  
t o  be comparable  t o  the  i n t r a v e n o u s  r o u t e  in  s t i m u l a t i n g  t h e  p r o d u c t i o n  
of  p r e c i p i t a t i n g  a n t i b o d y ,  bu t  t h e  a g g l u t i n a t i n g  a n t i b o d y  t i t e r  was
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r e l a t i v e l y  low. The i n t r a p e r l t o n e a l  r o u t e  a ppeared  t o  be i n f e r i o r  t o  
both subcutaneous  and i n t r a v e n o u s  r o u t e s  w i t h  r e s p e c t  t o  both a g g l u t i n ­
a t i n g  and p r e c i p i t a t i n g  a n t i b o d y .  These r e s u l t s  a r e  c o n s i s t e n t  w i th  
t hose  r e p o r t e d  fo r  H is top la sm a  ca p s u la tu m  where an i n t e n s i v e  schedu le  
o f  immunizat ion was found t o  be n e c e s s a r y  f o r  t h e  p r o d u c t i o n  o f  a h igh  
t i t e r  of  p r e c i p i t a t i n g  a n t i b o d y  (Markowitz ,  1967) .  Ant ibody response  
was poor  when r a b b i t s  were  immunized by t h e  i n t r a p e r i t o n e a l  or s u b c u ta ­
neous r o u t e .
A survey o f  t h e  l i t e r a t u r e  r e v e a l e d  t h a t  v i r t u a l l y  no c h a r a c t e r i z a ­
t i o n  o f  t h e  a n t i g e n i c  components  o f  neoformans  has  been  r e p o r t e d .  A 
s tu dy  by Kaufman and Blumer (1965)  r e v e a l e d  c o n s i d e r a b l e  v a r i a b i l i t y  
among r a b b i t s  immunized w i t h  f o r m a l i n i z e d  c r y p t o c o c c a l  whole c e l l s  a s  
to a g g l u t i n a t i n g  a n t i b o d y  t i t e r s  and t h e  number o f  p r e c i p i t i n  bands 
o b ta in e d  us in g  a s o n i c a t e  a s  a n t i g e n .  They were a b l e  t o  o b t a i n  only  1 
to  3 p r e c i p i t i n  bands.  In t h e  p r e s e n t  s t u d y ,  a maximum o f  3 p r e c i p i t i n  
bands was a l s o  ob t a in e d  w i t h  a n t i s e r a  t o  neoformans whole c e l l s  
u s in g  a s o n i c a t e  a s  a n t i g e n .  However, when t h e  z e o l i t e  su p e rn a t e  was 
used as an a n t i g e n  in  t h e  d oub le  d i f f u s i o n  t e s t s ,  6 t o  7 p r e c i p i t i n  
bands were formed as compared w i t h  2 to  3 bands when t h e  c u l t u r e  f i l ­
t r a t e  or  the  Braun homogenate  was used .  As d e s c r i b e d  above the  z e o l i t e  
p roce du re  appear s  t o  have a s t a b i l i z i n g  e f f e c t  on t h e  a n t i g e n s  e x t r a c t e d  
by t h e  g r i n d i n g  p ro ce d u re .
Capsular  p o l y s a c c h a r i d e  i s o l a t e d  from neoformans by phenol  
e x t r a c t i o n ,  s o n i c a t i o n ,  or  by s imple  e l u t i o n ,  e x h i b i t e d  t h e  same a n t i ­
gen ic  s p e c i f i c i t y  as  c rude  c a p s u l a r  p o l y s a c c h a r i d e .  The 3 p r e c i p i t i n  
bands o b ta in e d  w i th  c u l t u r e  f i l t r a t e  a p p e a r  t o  be i d e n t i c a l  w i th  the  3
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bands o b t a i n e d  w i th  c a p s u l a r  p o l y s a c c h a r i d e .  Mannan i s o l a t e d  from whole 
c e l l s  formed a band o f  p a r t i a l  i d e n t i t y  w i th  crude c a p s u l a r  p o l y s a c c h a r i d e .  
F u r th e r  s t u d i e s  r e v e a le d  t h a t  when a n t i s e r a  were absorbed w i th  c a p s u l a r  
p o l y s a c c h a r i d e  or whole c e l l s  t h e  p r e c i p i t i n  band to  mannan was removed. 
Absorp t ion  w i t h  mannan removed t h e  homologous p r e c i p i t i n  band,  bu t  i t  
d i d  not  remove the  band o i  p a r t i a l  i d e n t i t y  w i th  the  c a p s u l a r  p o l y s a c ­
c h a r i d e ,  An e x p la n a t i o n  f o r  t h i s  f i n d i n g  could be t h a t  c a p s u l a r  p o ly ­
s a c c h a r i d e  a n t i g e n  c o n t a i n s  a t  l e a s t  1 or  more a n t i g e n i c  group ings 
d i f f e r e n t  from those  i n  the  mannan f r a c t i o n .  When a n t i s e r a  to whole
c e l l s  and c e l l  w a l l s  were a bso rbed  w i th  mannan t h e r e  was no change in
th e  a g g l u t i n a t i n g  a n t ib o d y  t i t e r s ,  bu t  a g g l u t i n a t i n g  a n t i b o d i e s  were 
com ple te ly  removed by a b s o r p t i o n  wi th  c a p s u l a r  p o ly s a c c h a r i d e .  These 
r e s u l t s  sug g e s t  t h a t  mannan i s  a component o f  the  ca p su le  c l o s e l y  
a s s o c i a t e d  w i th  the  c e l l  w a l l ,  presumably the  backbone s t r u c t u r e  o f  the  
c a p s u l e .  I t  should be noted t h a t ,  c h r o m a t o g r a p h i c a l l y , mannan i s  
composed o f  a l l  of  t h e  e lem ents  o f  t h e  c a p s u l e  except  g a l a c t o s e .
When the z e o l i t e  g h o s t s  were s u b je c t e d  to  mannan e x t r a c t i o n ,
3 p r e c i p i t i n  bands were o b t a i n e d .  The d i f f e r e n c e  between mannan i s o ­
l a t e d  from th e  z e o l i t e  ghos t s  and t h a t  o b t a in e d  from whole c e l l s  may be 
r e l a t e d  (’due )  to  the  z e o l i t e  t r e a t m e n t  in which only t hose  p o r t i o n s  of  
t h e  c a p su le  which p r o j e c t  ou tward may be removed. When th e  c e l l s  a r e  
t h e n  s u b j e c t e d  to  t h e  v igo rous  mannan e x t r a c t i o n ,  the backbone o f  t h e  
c a p s u l e  i s  e x t r a c t e d  in  f r a g m e n t s .  I t  i s  a l s o  p o s s i b l e  t h a t  mannan
e x t r a c t i o n  may cause t h e  r e l e a s e  o f  o t h e r  p o l y s a c c h a r i d e s .
Blandamer and Dan ishef sky  (1966),  and Fa rh i  (1969) suggested  
t h a t  the  c a p s u l a r  p o l y s a c c h a r i d e  of  neoformans c o n s i s t s  of  a mannan
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backbone w i t h  b r a n c h e s  o f  z y l o s e ,  g l u c u r o n ic  a c i d ,  and g a l a c t o s e .  Graded 
h y d r o l y s i s  o f  t h e  c a p s u l a r  p o l y s a c c h a r i d e  r e v e a l e d  t h a t  mannose was 
l i b e r a t e d  s low ly  and z y l o s e ,  r a p i d l y .  This could i n d i c a t e  t h a t  z y lo s e  
was l o c a t e d  on t h e  e x t e r n a l  s i d e  cha ins  i n  t h e  mannan backbone.  I t  i s  
p o s s i b l e  t h a t  t h e  g a l a c t o s e  end groups a r e  t u rn e d  inward,  h o l d i n g  the  
mannan backbone i n t o  t h e  c e l l  w a l l .  Th is  h y p o t h e s i s  would be c o n s i s t e n t  
w i t h  t h e  f i n d i n g  t h a t  mannan i s o l a t e d  from t h e  z e o l i t e  g h o s t s ,  bu t  no t  
t h a t  from whole c e l l s ,  c o n t a i n s  g a l a c t o s e .
Two p r e c i p i t i n  bands (D and E, F igu re  21) of  the  c a p s u l a r  
p o l y s a c c h a r i d e  were  removed when c a p s u l a r  p o l y s a c c h a r i d e  was s u b je c t e d  
t o  the  mannan e x t r a c t i o n .  The rem ain ing  band (A) then  formed a l i n e  of  
i d e n t i t y  w i th  mannan i s o l a t e d  from the  whole c e l l s .  A f t e r  mannan t r e a t ­
ment t h e  c a p s u l a r  p o l y s a c c h a r i d e  l o s t  t h e  g a l a c t o s e  s p o t  on th e  chromato­
gram, Other  s u p p o r t i n g  ev id ence  fo r  t h e  s u g g e s t i o n  t h a t  t h e  a n t i g e n i c  
component of  t h e  c a p s u l e  r e s i d e s  in c l o s e  a s s o c i a t i o n  w i th  t h e  c e l l  w a l l  
was o b t a in e d  by a d s o r p t i o n  s t u d i e s .  A n t i s e r a  t o  z e o l i t e  g h o s t s ,  c e l l  
w a l l s ,  and d e c a p s u l a t e d  whole c e l l s  a l l  a g g l u t i n a t e d  e n c a p s u l a t e d  whole 
c e l l s  e q u a l l y  w e l l .  The a b i l i t y  of  t h e  a n t i s e r a  t o  a g g l u t i n a t e  encapsu ­
l a t e d  whole c e l l s  was l o s t  upon a d s o r p t i o n  w i th  e n c a p s u l a t e d  or  d ecapsu ­
l a t e d  whole c e l l s  o r  w i th  z e o l i t e  g h o s t s .  These r e s u l t s  s u p p o r t  the  
h y p o t h e s i s  t h a t  t h e  c a p s u l e  o f  neoformans i s  a s o l u b l e  e x t e n s i o n  o f  
t h e  a n t i g e n i c  component found in  t h e ' c e l l  w a l l .
In the  p r e l i m i n a r y  work d e a l i n g  w i th  t h e  t o t a l  a n t i g e n i c  
c om pos i t ion  o f  c r y p t o c o c c a l  c e l l s ,  i t  was found t h a t  a n t i s e r a  t o  z e o l i t e  
gh o s t s  and a n t i s e r a  t o  e i t h e r  e n c a p s u la t e d  or  d e c a p s u l a t e d  whole c e l l s  
were, no t  comparab le ,  a t  l e a s t  i n s o f a r  a s  the  number o f  p r e c i p i t i n  bands
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was concerned .  T h e r e f o r e ,  a n t i s e r a  to  t h e  z e o l i t e  g h o s t s  were  no t  
in c lu d e d  i n  the  a n t i g e n i c  a n a l y s i s  because  they  p ro b ab ly  d id  no t  
r e f l e c t  t h e  t r u e  p i c t u r e  of  t h e  i n t a c t  o rgan isms .  These a n t i s e r a  were 
u se d ,  however ,  in  p a r t  o f  t h e  work on a n t i g e n i c  s p e c i f i c i t y .
A t o t a l  o f  8 p r e c i p i t i n  bands was ob ta ine d  i n  t h e  a n t i g e n i c  
a n a l y s i s .  Six of  t h e s e  bands were found i n  t h e  a n t i - w h o l e  c e l l  sys tem 
and 2 o f  them formed bands o f  i d e n t i t y  w i t h  a n t i - c y t o p l a s m i c  m a t e r i a l .  
Two ocher  p r e c i p i t i n  bands (7 and 8 ) were p e c u l i a r  t o  t h e  c y to p l a s m i c  
m a t e r i a l .  Bands 3 ,  4,  7, and 8 were removed from t h e  sy s tem  when t h e  
z e o l i t e  s u p e r n a t e  was hea ted  f o r  30 min a t  100 C, an i n d i c a t i o n  t h a t  
they were p robab ly  p r o t e i n  i n  n a t u r e .  Four  p r e c i p i t i n  bands were  formed 
w i th  a n t i s e r a  to  c e l l  w a l l .  Three bands r e s u l t e d  w i t h  t h e  a n t i - c e l l  
w a l l - z e o l i t e  s u p e r n a t e  system and 2 bands were seen  when c a p s u l a r  
p o l y s a c c h a r i d e  was d i f f u s e d  a g a i n s t  a n t i s e r u m  t o  c e l l  w a l l .  However,
1 of  t h e s e  2 bands (2 ) formed a band o f  i d e n t i t y ,  whereas  bands 1 
and 5 d i d  n o t .  Thus,  i t  can be concluded t h a t  band 5 i s  p e c u l i a r  t o  t h e  
c e l l  w a l l .  One p r e c i p i t i n  band (6 ) was common to  a l l  a n t i s e r a  d i f f u s e d  
a g a i n s t  t h e  z e o l i t e  s u p e r n a t e .  At f i r s t  i t  was though; t h a t  t h i s  band 
r e s u l t e d  from a n o n - s p e c i f i c  p r e c i p i t a t i o n  such as oc c u rs  when phospha te  
b u f f e r s  a r e  used i n  double  d i f f u s i o n  t e s t s ,  but  t h i s  was n o t  t h e  case  
s i n c e  i t  was found t h a t  the band was h e a t  s t a b l e .  I t  i s  p o s t u l a t e d  t h a t ,  
due to  t h e  u b i q u i t y  o f  t h i s  p r e c i p i t i n  band,  i t  most p ro b a b ly  r e p r e s e n t s  
a s o l u b l e  component o f  the cy top la sm ic  membrane. From t h e s e  o b s e r v a t i o n s  
i t  i s  conc luded t h a t  t h e  c a p s u l a r  p o l y s a c c h a r i d e  and th e  c y to p la s m ic  
m a t e r i a l  c o n t r i b u t e d  3 a n t i g e n s  each and t h a t  the c e l l  w a l l  and c y t o ­
p lasm ic  membrane c o n t r i b u t e d  1 a n t i g e n  each.  N e v e r t h e l e s s  i t  i s
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p o s s i b l e  t h a t  n o t  a l l  o f  t h e  s o l u b l e  a n t i g e n s ,  supp o s ed ly  cy top la sm ic  
in  o r i g i n ,  may a c t u a l l y  have been d e r i v e d  from t h e  cy top la sm .  I t  i s  
j u s t  as  l i k e l y  t h a t  some may be s o l u b i l i z e d  p r o t e i n s  from e i t h e r  the  
c e l l  w a l l  o r  c y to p l a s m i c  membrane.
CHAPTER V 
SUMMARY
Methods o f  c e l l  d i s r u p t i o n  e v a lu a t e d  in  t h i s  s tu d y  were  s o n ic  
o s c i l l a t i o n ,  Braun hom ogen iza t ion ,  and th e  s y n t h e t i c  z e o l i t e  method. 
Treatment  of  c r y p t o c o c c a l  c e l l s  by s o n i c  o s c i l l a t i o n  r e s u l t e d  i n  
a p p rox im a te ly  80 pe r  c e n t  b r e a k a g e ,  whereas  only 20 to  30 p e r  c e n t  c e l l  
d i s r u p t i o n  was o b t a i n e d  by Braun hom ogen iza t ion .  The z e o l i t e  p r o c e d u r e  
was found to  be s u p e r i o r ,  bo th  f o r  d i s r u p t i o n  o f  c r y p t o c o c c a l  c e l l s  and 
fo r  i s o l a t i o n  o f  a n t i g e n i c a l l y  and s e r o l o g i c a l l y  r e a c t i v e  c e l l  com­
po ne n ts .
In t h e  p r e s e n t  s t u d y ,  d e c a p s u l a t e d  forms o f  neoformans  were 
more e f f e c t i v e  immunizing a g e n t s  t h a n  h i g h l y  e n c a p s u l a t e d  forms.  I t  
was a l s o  found t h a t  z e o l i t e  g h o s t s  were the  most e f f e c t i v e  a n t i g e n  
for  s t i m u l a t i n g  t h e  p r o d u c t i o n  o f  a g g l u t i n a t i n g  a n t i b o d y .  In  g e n e r a l ,  
lower a g g l u t i n a t i n g  a n t i b o d y  t i t e r s  were  o b t a in e d  by immunizing w i t h  
the  s o n i c a t e d  a n t i g e n s  th a n  w i t h  i n t a c t  c e l l s ,  r e g a r d l e s s  o f  w h e th e r  
the  s o n i c a t e  was p r ep a re d  from e n c a p s u l a t e d  or  d e c a p s u l a t e d  c e l l s .  Also,  
r a b b i t s  immunized w i t h  c y to p l a s m i c  m a t e r i a l  did no t  produce  d e t e c t a b l e  
a g g l u t i n a t i n g  a n t i b o d y ,  however ,  p r e c i p i t a t i n g  a n t i b o d y  was d e t e c t e d .
A n t i s e r a  t o  z e o l i t e  g h o s t s ,  c e l l  w a l l s ,  and d e c a p s u l a t e d  whole 
c e l l s  a g g l u t i n a t e d  e n c a p s u l a t e d  whole c e l l s  e q u a l l y  w e l l .  The a b i l i t y  
of  t h e  a n t i s e r a  t o  a g g l u t i n a t e  e n c a p s u l a t e d  whole c e l l s  was l o s t  upon
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a d s o r p t i o n  w i t h  e n c a p s u l a t e d  or  d e c a p s u l a t e d  whole c e l l s  or w i th  z e o l i t e  
g h o s t s .  These r e s u l t s  s u p p o r t  the  h y p o t h e s i s  t h a t  the  c a p s u l e  of  C. 
neoformans i s  a s o l u b l e  e x t e n s i o n  of  t h e  a n t i g e n i c  component found in 
t h e  c e l l  w a l l .
Capsular  p o l y s a c c h a r i d e  was removed from e n c a p s u l a t e d  c e l l s  by 
so n ic  o s c i l l a t i o n  and p a r t i a l l y  p u r i f i e d  by e th a n o l  p r e c i p i t a t i o n .  This 
m a t e r i a l  was found to  be h a p te n i c  in  n a t u r e .  Capsula r  p o l y s a c c h a r i d e  
appeared  to  have no t o x i c  e f f e c t  on t h e  r e t i c u l o e n d o t h e l i a l  system.
In t r a v en o u s  i n j e c t i o n  of a n t i g e n  proved  to  be s u p e r i o r  t o  that  
a d m i n i s t e r e d  by subcu taneous  o r  i n t r a p e r i t o n e a l  r o u t e s .  Optimal 
a g g l u t i n a t i n g  a n t i b o d y  t i t e r s  were o b t a i n e d  6 t o  8 days a f t e r  t h e  l a s t  
i n t r a v e n o u s  i n j e c t i o n .  A c l a s s i c a l ,  e a r l y  19S a n t ib o d y  r esponse  was 
fo l lowed  by a l a t e r  7S r e s p o n s e  i n  r a b b i t s  immunized i n t r a v e n o u s l y  with 
whole c e l l s .
A maximum of 3 p r e c i p i t i n  bands were ob t a in e d  when a n t i s e r a  to 
C. neoformans whole c e l l s  was d i f f u s e d  a g a i n s t  a s o n i c a t e d  c e l l  a n t i g e n .  
However, when the  z e o l i t e  s u p e r n a t e  was used as  a n t i g e n  in  the  double  
d i f f u s i o n  t e s t s ,  6 to  7 p r e c i p i t i n  bands were observed.  Use of t h e  
c u l t u r e  f i l t r a t e  or  the  Braun homogenate a n t i g e n  r e s u l t e d  in  only  2 to 
3 p r e c i p i t i n  bands .
A t o t a l  of  8 p r e c i p i t i n  bands were ob ta ine d  i n  the  a n t i g e n i c  
a n a l y s i s .  Six of  t h e s e  bands were found i n  t h e  a n t i - w h o l e  c e l l  system 
and 2 o f  them formed bands of  i d e n t i t y  w i t h  a n t i - c y t o p l a s m i c  m a t e r i a l .
Two o t h e r  p r e c i p i t i n  bands were p e c u l i a r  t o  t h e  cy to p lasm ic  m a t e r i a l  
and 1 band was c e l l  w a l l  a s s o c i a t e d .  Thus, i t  was concluded t h a t  the 
c a p s u l a r  p o l y s a c c h a r i d e  and th e  cy to p la s m ic  m a t e r i a l  c o n t r i b u t e d  3
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a n t i g e n s  each ,  w h i l e  t h e  c e l l  w a l l  and cy top la sm ic  membrane c o n t r i b u t e d  
1 a n t i g e n  each.
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